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NOTE

This material is intended for use in connection with the tutorial session,
"A System Methodology for Behavioral Research,” presented at the annual meeting
of the Human Factors Society, October 16~19, 1978, Detroit, Michigan. The
cpinions and assertions contained herein are those of the writer and are not

to be construed as reflecting the views_of the Navy Department or naval service.
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INTRODUCTION AND OVERVIEW

The following points will be emphasized in this monograph. Details may

be found in the chapters as noted.

Chapter One - SYSTEM DEFINITIONS AND ASSUMPTIONS

1. The further development of Human Factors requires continuing exam-

ination of its basic concepts.

2. There is a discordance batween the products of Human Factors research

and their effective application in system development and operation.

3. The system concept is the heart of our theoretical structure.

4, Human Factors is a system-oriented discirline because it is the study

and cpplicatioﬁ of factors affecting personnel performance in manned systems.

5. A system is an organization in which the individual elements work to-

gether purposefully to produce an output which the individual element can not
produce by itself. '

6. The following assumptions follow from the system concept:

a.
b.
c.
d.

Systemg are organized hierarchically.

Systems are purposeful.

Each system element subordinates itself to the system purpose.
Each system element affects every cther element.

The outputs of individual elements are transformed to produce the

system ouput.

£.
concept.

Measurement, evaluation and fe=dback are inherent in the system

The system concept requires action.

Chapter Two - IMPLICATIONS OF THE SYSTEM CONCEPT
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1. The operational manned system is the model for Human Factors measure-
ment. Thia'inplies that the measurement questions we ask stem from that model. —

The two fundamental research questions to be answered are:

a. What is the effect of system parameters on personnel performance? ;z

b. What is the effect of personnel performance on the system output?

2. The operational system is organized around the "mission.scenario".

Both operational and laboratory research should reproduce the essential charac-

terigtics of that scenario.

3. Research tasks must be purposeful and meaningful to subjects in terms e
of an actual or simulated mission goal. -
, _ =

52

4, Research studies must be validated (replicated) in or with operational
systems. ' o

5. All system-relevant factors must bé included in the measurement situation. Es
If these cannot be introduced into the laboratory, the study must be performed 2
in the operational environrent. : ' -2

6. The effect on system output is the criterion of significance for -
personnel variables. i:

7. Performance must be measured on both individual and system levels. Eg

8. Thesystem concept emphasizes measurement in the operational environment :f
and evaluation of performance. -

9. The questions asked in laboratory research should focus on the rela- .
tionship between individual and system parameters. :

10. Operational equipment is not required in laboratory research as long .
as a mission scenario is utilized and a system output is produced by integra- ;i
ting/transforming outputs from several sources.
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11. System simulation strongly emphasizes team situations.
12. Subjects for research studies must be highly trained for their tasks.

Chapter Three - CHARACTERISTICS OF PERSONNEL SUBSYSTEM MEASUREMENT

+

1. Controlled expérimentation (CE) 1is measurement performed under highly
controlled conditions found primarily in the laboratory and emphasizes manip-
ulation of variables as part of hypothesis-testing. V

2. Pefsonnelsubsystemumasurement (PSM) is measuremen® of personnel per-
forming the total task or job (or aspects of these) in the context of or in

reference to the actual work (i.e., system) environment.
3. PSM has many more purposes than CE. PSM goals are:

a. To determine feasibility of an approach.

b. To select the most effective alternative.

c. To determine capability to perform.

d. To evaluate system and element effectivenens.
e. To solve problems inthe personnel subsystem.
f. To perform needed research.

4. In contrast to CE, PSM in its operational measurement mode rarely
manipulates variables. It emphasizes exercise of the mission scenario.

5. In contrast to CE, PSM does not need to develop hypotheses.

6. Performance criteria are inherent in operational PSM but rarely found
in CE.

7. 1In contrast to CE, PSM takes its measurement tasks from an oéerationnl
systen and task fidelity is critical to it.

8. Both CE and PSM employ statistical standards of proof but PSM also

requires solution of a system problem or an evaluation on which some action
will be based.
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9. PSM is oriented to the system, CE largely to the individual or group.

10. PSM measures at both personnel and system levels, whereas CE measures
only personnel performance. PSM employs qualitative methods wuch more than
does CE. ' .

11. PSM employs tests and normative data gathering, the latter describing
systems, differences among systems, the relation between personnel performance

and system parameters, and human performance reliability.

12. PSM employs correlational analysis much more frequently than does CE,
which emphagizes the testing of differences between conditiong;

Chapter Four - PSM MEASUREMENT QUESTIONS » : ;
|

1. PSM purposes imply certain measurement questions which are organized

by: ;

a. stage of system development;
b. training program development;
¢. system operation;

d.. system maintenance.

2. PSH.queations related to system development include:

a. Do personnel possess the capability to perform certain functions
to specified levels; are system design concepts feasible from a personnel per-
formance standpoint? These questions require a type of study called an
Exploratory test. '

b. Which of two or more alternative system configurations is more
effective from a personnel performance standpoint? This question demands a

Resolution test.

‘¢. Does the sytem satisfy system requirements (from a personnel stand-

point)? This question requires a Verification test.
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d. PSM research for this phase asks the following questfons: How
do system developers develop systems? How do they make use of Human Factors
inputs? What is the relationship between system characteristics and operator

performance?
3. Questions related to training include:

a. Has the necessary training been accomplished? Is the training
adequate? (Operational study).

b. Does performance transfer from the training environment to the
operational job? How does that performance transfer? (The first question
requires an operational study, the second, a research study.)

c. How do the effects of training in one mode or medium compare with
those of another mode or medium? (Research study).

d. How faithfully must the training environment reproduce the opera-
tional one? (Research study).

4. Questions related to system operations include:

a. How well do system personnel perform relative to requirements?
(Verification test, accomplished by continuous, periodic or specias system
evaluation.)

b. Is thesystemready to perform as required? (Operativaal Readiness
test).

c. How can a problem arising from system verification be solved? _ ...

(Investigative measurement).

d. How does a new system configuration compare with the old?
(Resolution/Verification test).

5. Questions relative to maintenance include:

a. How to technicians perform diagnostic maintenance? (Research study).
b. How efficient is diagnostic maintenance? (Verification test).
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Chapter Five - SYSTEM THEORY
y
1. System types divide themselves into military, commercial/industrial e
- and social-benefit categories. ‘ : : o
2. The identical elements among the system types are striking. Each -
contains many identical subsystems. Differences within a éystem type are ?{
greater than those between system types. A B
3. Becatse of this, PSM principles derived from military testing situations -
can be applied to the other types of systems. :{
4. A significant difference between military and non-military systems is o
. . =]
that the latter provide a benefit to clients whereas military systems do not. -
. . i ‘-‘:
5. Because non-military systems involve clients, one must include as X
factors to be measured in those systems:
e
a. the way in which clients interact with systems; i
b. the desires, needs and performances of clients as constraints on &; 0
system performance. =
6. Systems may also be described in terms of characteristics that cut X
across system types. These include: .
. .e‘v ‘
a. types/number of functions performed; N
b. number of operational modes; :g
c. number of subsystems; -
d. system organization; 5
e, number/organization of operator positions; = L
f. number/type/locus of transforms; B
g. number/organization of communications channels; : s
h. output requirements; ' .
i. characteristic inputs; . E&
6 o
e AT SRS SN i S
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j. system reactivity;
k. degree of mechanization;
1. system feedback;

m. system indeterminacy.
7. Indeterminacy is composed of three variables:

a., the nature of 3timulus inputs;
b. the amount of flexibility permitted by procedures;

c. degree of personnel response programming.
8. Indeterminacy has significant impact on the measurement strategy adopted.
Chapter Six - CRITERIA FOR SELECTING AND EVALUATING PSM RESEARCH

1. The criteria ordinarily applied to scientific reseapch--validity and
reliability--are not sufficient for PSM research.

2, Resgearch criteria should be applisd at two stages:
a, Before a study is initiated, to decide whether or not to proceed
with that study;
b. After a study 1is completed, to evaluate the worth of the study

and its results. .

3. In addition to validity and reliability, PSM makes use of the following
criteria: relevance; applicability; generalizability; and utility.

4. Validity in an absolute sense can never be established because it
presumes a standard of comparison independent of measurement operations. It

can be used only post-facto.

5. Reliability is almost never used as the basis for selecting one
measurement situation over another, but it is used for evaluation. PSM has
gome difficulty with reliability because of the reduced control under which

some PSM measurements are made.

—
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6. Relevance indicates whether measurement results relate to the questions/ -
purposes for which a study was initiated. There is a hierarchy'of such questions/ :
puéposes. Relevance relates to the closeness betwesn the specific study purpose
and -its higher oraer gral. Relevancy can be used for deciding whether to perform vl

a study, as well as for evaluation.

7. Applicability indicates the degree to which study results can be trans-

formed iato action consequences. PSM research is usuzlly more applicable than Dy

traditional CE. -
N

8. Generalizability indicates the degree to which study results can describe -

objects or phenomena similar to but not identical to those on which measurcments .

. were made. This criterion is weaker than relevance and applicability. :ﬁ

9., Utility is defined in terms of three dimeﬁsiona: o

i

a. probiem criticality; RN

™

b. whether the problem/question can be measured;

c. whether study results can be applied in the real world.

ir)

10. Validity and reliahility are quantitative (ccefficients of correlation);

the other criteria are purely qualitative.

(Y

Appendix I - Criticisms of the System Approach to Measurement

.«
e
R

B Appendix II - Some Representative PSM Studies
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CHAPTER ONE
SYSTEM DEFINITIONS AND ASSUMPTIONS

Introduction and Purpose

~aper has been written to accompany the tutorial session on "A System
Mec..o Behavioral Reaearch."1 ‘Hopefully it will help the participant
follow the ory :1zation and logic behind the ideas expressed in that session.

The key word in the preceding paragraph is "ideas." . The session presents
concepts, some of which are based on logic and cormon sénse, while others are
intuitive and speculative. The reader may or may not agree with these concepts;
he may not even agree that they are concepts. The session is not tutorial in
the senée of providirg the participant with established and irrefutable facts.z
Its purpose is to present these concepts, explore their implications, and see
where they leaa us. The intent is that participants will bevstimulated into
thinking about thése {deas on their own and will then expand upon them.

Why were this session and this paper developed? It appears to the author
that the further development of any discipline requires continuing examination
of its basic concepts. Moreover, all disciplines live in two worlds--one of
academically oriented research and the other of application--and this leads to

some discordance. In the case of Human Factors, moreover, the discordance is

1Presented at the Annual Meeting of the Human Factors Society, October 1978,
Detroit, Michigan. The name of the paper does not corresgond to the name of

the tutorial session because upon reflection it seems more modest to restrict

the tupic to Human Factors alone. Moreover, I refer in the title to measure-
ment rather than to research because it is necessary to distinguish between

the two: Research 18 only a subset of measurement and what we discuss encompasses
more than research.

2A1though it is self-evident that Human Factors--like any other discipline--needs

data, it also needs new ideas--or at least the critical re~examination of old
ones-~just as wuch. Indeed, the proposition can be advanced that without prior

concepts the accummulation of data-—particularly their meaningful interpretation--
is impossible. : :
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particularly marked because the products of Human Factors research3 have not

been particularly helpful in advancing the state of its application. The
question is why; and what can be done about 1it?

The System Concept

We start with the system because it is the theoretical underpinning of the
structure we are attempting tc erect (see Figure 1, to which we shall refer
from time to time). This is because we define Human Factors as the study and
application of the factors affecting n:rsonnel performance in manned systems.
If that definition is correct, Human Factors is a system-oriented discipline;
the behavior it deals with occurs in a system environment.

What is a system? In its most general sense a system is an organization--an
arrangement-—bf elements in which the irdividual elements work together purpose-
fully to produce an output--an effect, a product, a resultant--which the individual
element could not produce by itself.

Miller (1978) defines 5 system as "a set of interacting units with relation-
ships among them. The word 'set' implies that the units have some common
properties. These common properties are essential if the units are to interact
or have relationships. The state‘of each unit 1is constrained by, conditioned by,
or dependent on the state of other units. The uhits are coupled. Moreover,
there is at least one measure of the sum of its units which is larger than the

sum of that measure of its units" (p. 16).

3A distinction should be made among the following terms: behavioral research
which, encompassing all studies involving human operations, hierarchically sub-
sumes the two following: psychological research which studies the individual

and the group; and Human Factors research which deals with personnel performance
in the context of manned systems. The three terms are often used interchangeably,
vhich is unforturnate because this usage obscures important distinctions among
them. The author contends that Human Factors measurement has a conceptual
structure which is markedly diiferent from that of Psychology and hence that
Human Factors research which attempts to follow the psychological model is
unlikely to satisfy the data ueeds of our discipline.

4Human Factors has two primary goals: (1) to determine how personnel function in

manned systems; (2) to assist in the development and optimization of manned
systems. The first goal describes its research function, the second its appli-
cation function. However, the first has no significance without the second,
nor should it be considered more important than the second.
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Figure 1. Dimensions of behavioral measurement.
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This sounds like a restatement of the Gestalt principle, "The whole is greater
than the sum of its parts,” and indeed the whole--represented in our terms by the

output--is in fact more than any single part., Miller points out (Miller, 1978,
Note 44, p. 44) that, "Gestalt theory has had an important influence on current

system theory."

There are many systems: conceptual, mathematical, social, biological, chemical
physical, etc. Our concern is with manned systems, a term the author prefers to
the more traditional term, man-machine systems, because the latter suggests an
exclusive emphasis on mechanization. Mamed systems may vary in terms of the
number and sophistication of the machines they employ, some systems using only
a few simple machines. Despite mechanization--or lack of it--they are all manned
systems and the system definition and assumptions apply to all of then.s

We hope to demonstrate that the system concept has significant implications
for Human Factors and its measurement processes. It would be only fair, however,

to point out a number of criticisms of the system concept.

1. The definition of system is so general that everything is a system.
Indeed, Miller (1978) has produced a chef d'oauvre in which he attempts to demon-
strate that the same system processes are to be found in seven hierarchical levels
of living systems, starting with the cell and ending with the supranational system.
An all-inclusive definition has difficulty differentiating and therefore is unlikely

to be productive.

What is the difference between an unmechanized manned system and the kind of
ad hoc groups psychologists usually study? When:

(1) the group has a purpose or goals for which it comes together;

(2) the characteristics of the group have been specified by others than
the group participants;

(3) the goals and purposes of individuals within the group are subordinated
to the overall group goal;
_ (4) ;rocedures for implementing the overall goal are specified, from which
deviations are not acceptable; »

(5) a standard of individual and group performance exists (overtly or covertly
expressed) which determines group efficiency--
the group is a manned system, even though it may use few or no machines at all.
For example, the U. S. Congress is a manned system.
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2, It is difficult to know exactly what this system is that we are
talking about because everything 1s continuous: What one consi{ders a system
at one (lower) level is also a subsystem in a higher order system. In biologicai
terms, for example, the autonomic nervous system is only one subsystem of the
humsn body.

These are reasonable objections but they need not concern us unduly. Although
at a molar level everything is a system, at a somewhat more molecular level it is
possible to make meaningful differentiations. After all, both men and women are
human, but one can still tell the difference between them. It is true that a
system at one level is also (and at the same time) a subsystem at another level.
If, hovever; there are rules for specifying the boundaries of whatever one wishes
to consider a system, then the objection is immatevial. Indeed, the fact that
one can view the same set of objects or pheromena in different ways becomes a
great advantage in vieving system interrelationships.

A number of assumptions are associavad with i:he system concept. These are:

1. Systems are organized hierarchically, which means that one system is
"nested” in another. o

2. Systems sre purposeful. Mammed systems are purposeful bscausz they

are comstructions.
3. EBach system element subordinates itself to the system purpose.
4. Each system element affects every other element,

5. The outputs of individual elements are transformed to produce the
systea output.

6. Measurement, evaluation, and feedback are inherent in the system
concept.

7. The system concept demands action to modify the system when necessary.

We discuss sach of these assumptions in more detail.
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Systems are organized hierarchicall-. 1It is probably a cliche to say that

there are no discontinuities in life; that is why, for example, we can hypothesize

a relationship between the atoms in protoplasm and a "higher order" phenomenon -
such as "cognition.” 1If we think of protoplasmic atomic structure as being a

system and cognition as also being a system (although'ob91ously not on the same

level), it is obvious that one system "nests" into another, and the snugness of ;f
this nesting often makes it difficult to pinpoint where one system leaves off
and another begins. Probably there are intermediate systems between protoplasm
and cognition, but this does not destroy the assumption; it merely extends the

hierarchy.

The importance of thé hierarchical assumption and the concept of 'nesting" R
is that it enables one to note relationships between apparently disparate objects :
and events.. Without such an assumption it would be impossible to specify the
impact of an individual human response on the output of a much more complex system. :}

How does one define where one system leaves off and another begins? One
could say that this is merely a wmatter of the observér's choice, but such an
answer is not very satisfactory. When we say that a lower order system is nested vee
in another higher order system, we mean that the outputs of the lower order system
are received by the higher order one and are transformed in the process. (We o N
shall discuss transforms later.) To determine the boundaries of any system it. - o
is necessary to look at the outputs of that system as they are utilized by another -

‘,.to -t

The following example illustrates the pfinciples described. A sonar system
receives electronic returns (outputs) which are initially interpreted by the
sonarman (first subsystem) as pips on a CRT, then transformed by him into a
classification of submarine with a certain bearing, range, and depth. This
information is passed on to the Combat Information Center (CIC) where the plotter
(second subsystem) plots successive bearings, ranges, and depths onto a track. -
The CIC Officer (third subsystem) analyzes these data (fogether with voice reports
from the sonarman) and decides on an attack strategy which is communicated to the - S

Weapons Officer (fourth subsystem?) in the form of commands. Note that each

N

subsystem receives outputs from another subsystem which may be lower order (as
the sonarman is to the CIC Officer) or parallel (at the same level). In each
case these outputs are received by the subsystem and transformad into something

14
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else (CRT pips into a submarine classification; bearings, ranges, and depths

)
‘0

into a target track; target track into an attack strategy; the order to fire

1oy

wveapons into weapons adjustments).

.

Systems are purposeful. An academic Psychology influenced by Behaviorism
is likely to "pooh-pooh" the notion of purpose (at least it did whea the author
e went to school) because it is difficult to see purpose in individual molecular

.
I

operations. However, the notion of purpose is critical to the mamnned system,

d !
- because the manned system is a construction, i.e., it is artificial and was .
. created according to the will of its developers. It may be difficult to discern ‘
";- furpose in vhit an individual does (although he often says he does so and so for _
such and such reasons); but it is obvious that a system which does not normally |
:53 exist in nature was developed to serve some purpose, however obscure. Where E
purposes in manned systems are obscure, it is because system developers often "
= do not think logically. :
= i
X System purpose or goal is crit:l.cally important for several reasons.
.. 1. It is the starting point for the development and analysis of the
l system (i.e., function allocatiom).

r 1 IR =
,
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i,' 2. It directs the performance of system wr@cl. ::

[ 3. It permits the system manager to determine whether the system performs !

‘ ’

- correctly. -

gt It is reason 3 that is most important to the uLmruent speciglist. The -

- purpose wvhen specified in quantitative terms becom s‘ the standard against which l

_- performance can be judged. Unlike much individual behavior, which lacks a ;::

_ standard of correct performance, the syitem when properly designed has a standard '_:I o

: built into it. This becomes a sort of warning indicator for major deviations RRENE
from rcqui.n.cntl.6 '

. 61: it possible to categorize systems in terms of their performance standards?

g : For example, standards mey vary in terms of the following: the range of what

3 is acceptable performance; whether the standard includes qualitative (e.g.,
"smoothness”) as well as quantitative factors (e.g., speed of response); whether i

. the standard requires the system to maximize its performance (to output as much =

3 as possible) or to optimize it (output some level less than maximal). Each of .

s these aspects influences the nature of the measurement strategy pursued. Z‘

L%
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The‘purpoae also provides the action-orientation inherent in the system
concept. Since the aystem was developed to perform at a specified achievement
level, the accomplishment of the system goal is all-important t6 the developer
and manager. Failure of‘the system to achieve its goal(s) means first that
something is wrong and secondly that something must be done to correct the

deficiency éo bring the system up to standard.

Each qxatem'element subordinhtes itself to the system purpose. Obv‘ously

the system cannot channel all its element outputs to the common goal unless
these elements subordinate thémselves to an overall requirement. What this
means for the human is that he follows procedures set up to implement the
system goal; that he works as hard and as fast as those procedures demand, and
if he fails at his job he is reprimanded, retrained, or fired. |

The reader may have a mental picture that we view system personnel as if
they had no will, goals, or desires of their own; that the picture we are pre-
senting is a totalitarian one. It is true in the system context that all these
individusal desires and idiosyncratic behaviors are uo many irrelevancies to the
system goal and potentially harmful to oystén output-—if they are not carefully
controlled. The greatest disruption occurs when system personnel refuse to
behave as system personnel, i.s., they strike or quit. However, the picture
is not so one-sided, because 1if the system developer requires more of his
personnel than they can produce, the ayltai vill fail (a partial justification
of Human Factors is to avoid and prevent such situations). And of course the
individual worker does have a certain degree of freedom; if he is working on a

non-military system he can in the last resort strike or quit, daydream inefficiently -.

or do something else undesirable (from a system standpoint). So there is play
betwveen the system and the individual, but only at the outer limits of what one
can ask of the individual. One cannot require him to work under conditions of
unacceptable hazard or discomfort, for example; but within those extreme limits

the individual operator must conform to the system. The system operator functions

at one level as an individual, on another as a system element. These two functions

are exercised by the individual concurrently. How much he functions as an individual,

how much as a sjsten element, depends on how the system is programmed. The more
rigidly system procedures are established, the more the operator is programmed

to function as a system element; if system procedures are contingent and responses

are controlled at the operator's volition, the more freedom he has. (Se: also
the later discussion on system indeterminacy.)

1R

RS 4




——— - A —
D > e Wk i A el s v A e A e ARt el et edn SRS AR AN IR e A e AT I R AOAACA AT N S

e
-
]

L

£,

T )

A

iLye,

| T

LA AN

. although regression analysis is helpful in that respect.

------

Each system element affects every other element. Decause all system elements

interact, they exercise an effect on each other. Of course, the amount of that

effect varies. For example, the internal coriponentry of an equipment does not .
affect the equipment operator's performance directly unless the equipment mal-
functions. Howevér. the way in which the circuits are designed may increase
equipment capability (i.e., detection range) which does affect the operator's
performance. The effe:t may be indirect and subtle but significant nonetheless.
The researcher has the responsibility to ascertain the amount of interaction
and its resultant effect, which obviously varies with various conditions. The
vay in which that responsibility is usually carried out is by means of hypothesis-
testing, the purpose of which is to determine whether two or more variables are
significantly rcelated. The gxpefinental method is adequate to this task provided
that all the variables fo nd in the operational situation are permitted to exercise
their effect, however small. The problem lies in the control vhich is considered
necessary for hypothesis-testing; by eliminating or controlling all variables
other than those considered by the experimenter to be immediately relevant, the
experimenter "purifies” his design but also renders it artificial, since his

measurement situation violates the principle with which this subsection began.

If two variables have been found by experimental test to be significantly
related to each other, does this tell us any more than what we assume as a con~-
sequence of the system concept? A statistically significant "t" or "F" merely
tells us that we can assume with greater or less confidence that the two variables
are related in the real world.

It does not tell us the amount of relationship,
Even a regression e
analysis does not help very nnch; however, because the experimental design has
created a "purified" measurement situation, so that impact is either grossly
exaggerated or minimized.

Individual system elements are transformed to produce the system cutput. The
essence of the system is that the output of an individual element i{s transformed

(along with the outputs of other system elements) into the system output. The
logic of the system concept requires that the system output differ from any
element output, because if the two were identical, the latter would in fact be
the system output and thus the element alone would be the system——which would be
a contradiction in terms.

17
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Transformations within the system are therefore necessary. We are familiar
with such transformations in the physical sphere, e.g., matter into ener3yy, and
they occur also in an individual behavioral coatext. An individual Sehavioral
transform is the modificicion of an input or output through behavioral mechanisms
.(which may however be machine or computei--aided) into some form other than that
in which it is received or output by the operator. On a physiological level,
for example, a transform occurs when light stimuli are acted upon by.the visual

cortex to become the perception of physical shapes.

System behavioral transforms are, however, at a different lével from individual
behavioral ones; the former are overt and much more molar; they can be recognized
without the aid of sophisticated instrumentation. Individual behavioral trans-
forms often serve to implement system behavioral ones; for example, recognition
of .a visual shadow on a sonar CRT as having a particular shape leads to the
judgment "this is a mine.”

Systea béhaviotal transforms are more often perceptual and cognitive rather
than psychomotor or motor, al:hpugh obviously molecular physical preccesses are

- changing their foin. as, for example, when a pilot transforms neural energy

into kinetic by increasing or decreasing throttle. At least two forﬁs of

iy-te- behavioral transforms can be identified:

1. Information is coded or recbded. This information is overtly recog-
nizable as information; it is overtly and deliberately changed by applying
cognitive processes, e.g., analysis. For example, the decoding of a cyphered

2. A decision is made on the basis of one or more inputs. The decision
is recognizable as a deliberate choice among alternatives; where the choice is
lacking, as in very stable habits, there is no decision. The inputs have been
transformed as a result of applying certain decision criteria or rules to those
iaputs.

iransforms are necessary, but why are they interesting to the system analyst?

1. By their nature transforms are critical to system performance. Con-
sequently errors or inadequacies occuring in these transforms have special signi-
ficance because they represent what one might call "fracture points,” points of

weakness, for the system structure.
1Q
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2. Transforms can occur in several ways:

a. Within the individual operator, when he operates on his own

stimuli a8 in coding or decoding messages.

b. Between team members, as when they communicate inputs or informa-

tion to each other.

c. Between subsystems, in communicating information or other outputs,

to be processed or transformed by the receiving subsystems.

fron the.above one can see why an éxamination of communications channels is so
important in system analysis. Wnat is transformed behaviorally is in most cases
information passed along those channels, although obviously in production systems,

hospitals, etc., behavioral system transforms are_pa;alleled by physical ones.

Depending on the complexity of the system organization, behavioral transforms
may occur in series or in parallel before the final transform, the system output,
is accomplished. The complexity ofla system organization is represented not only
by the arrangement of its physical elements and its communications channels, but

also by the number of its transforms and the way in which these are accomplished.

It must be recognized that the concept of system behavioral transforms is
still rather tentative at the moment and requires much more thinking.

Measurement, evaluation, and feedback are inherent in the system concept.

For the validity of this statement we must refer to a previous assumption: that
systems are purposeful. If the purpose has been 3pecified--and particularly if
it bas been specified quantitatively--that purpose establishes a standard of
performance which must be accomplished if the system is to be said to be per-
forming effectively.

its relationship to the criterion, and the differences between system-oriented

(Later we shall say more about the performance astandard,

and lsboratory measurement as these differences relate to the criterion/performance

 standard difZerence.)

If the system has, so to speak, a "job to do," then it is logical to ask
whether it is performing that job. Hence measurement and even more, evaluationm,
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are logicall, inherent in the system concept. Measurement is neceséary to
determine if the performance standard is being met by the system. If we are
dealing with a system which is not yet fully operational, or which only inter-
mittently performs its functions, then measurement is necessary to determihe

if the performance standard can be met.

If the system is not performing adequately (i.e., the performance standard
is not satisfied), then that information must be fed back to those who manage
thes system 8o that action can be taken to modify system operations in the
desired direction. Hence feedback mechanisms are also essential in the

development and operation of the system.

Measurement, evaluation, and feedback afe essential to any properly denigned
system; if mechanisms are not provided to .mplement these functions, the system
has been poorly designed. There is a parallel here between the manned'aystem
and the human system, since homeostatic sensing mechanisms are built into the

human body to enable it to survive. 1In the manned system, however, they must

e e ot

be consciously Qesigned into the system structure and measurement must be deliberately

performed. In many operational systems, there is less measurement than is needed
because system developers and managers have an inadequate understanding of the
importance of measurement to proper system functioninmg. Lacking measurement
processes, the system may "drift off its standard,” thereby reducing the effectiveness

of the mission.

The system concept demands action to modify the system when necessary to

achieve the standard| If measurement indicates that the system is not performing

i

effectively, some acﬁﬁon must be taken to modify its design or operations. In

human terms, the system is "ill" and muet be restored to lLealth. The problem

must be investigated and therapeutic measures taken. If the performance standard

is meaningful, the aystem must be brought back into accordance with that standard.

Because the system|is an artificial construction, because the subject matter
of Human Factors is that system, Human Factors has a responsbility to assist in
the development of the system and later in the optimization of its operations.
Therefore, its measurement functions, which encompass much more than research,
begin in the early stages of system development and extend throughcut the system
life cycle. Because of its action-orientation Human Factors measurement, unlike
more closely circumscribed research, is a prelude to some action; and that anticipated

action in fact suggests the gquestions which the Human Factors measurement deals with.
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CHAPTER TWO
" IMPLICATIONS OF THE SYSTEM CONCEPT

Some of the implications of the system concept for Human Factors measurement

were anticipated previously, but here we consider them in greater detail.

- Impiications for Measurement in General

The operational manned system is the model for the measurement situation.

The operational manned system performing its operational (i.e., real world)
functions must be the model for Human Factors measuremeat because Human Factors

is oriented around that system.

What does it mean to say that the system is the model for our measurement

situation? There are three ways in which that model affects measurement:

1. To begin at the very beginning of the measurcment process, the
questions we ask stem from that model. The two most fundamental research

questions to be answcced are:
a. What is tho effect of system parameters on personnel performance?

b. What is the effect of persoinel performance on system output?

These and more spécific measurement questious which derive from them will be
considered ia greater detail later. Since the nanned system has parameters
peculiar to itself (i.e., not found in individuals, although obviously there

is some overlap), the system model described in Chapter One requires the investi-
gator to ask certain questions which he would not ask if that model did not exist.
His research, therefdre, is (or at least should be) profoundly influenced by

system definitions and assumpticns.

2. The operational system is organized around what can be termed the
"mission scenario," i.e., a purposeful sequence of tasks starting with a well
defined initial stimulus and progressing to an end-point defined in terms of

an overall system goal. Individual tasks are integrated into the total sequence
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and have little meaning apart from the overall goal. Every manned system X

(civilian and military) has a mission scenario. As an example of a mission

scenario, the U. S. Postal Service receives letters, processes and sorts then ' S
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both manually and with equipment aid, ships them, delivers them--each function 'f
and task being performed according to carefully specified procedures. :;
: %
The implication of point 2. for research in both the operational and -
laboratory environment is that the measurement situation should endeavor to ;i
reproduce the essential characteristics of the mission scenario as the directing L
force for subject activity. (Obviously this is much easier in the operational aj
environment.) The major requirements are that: !
| , 5 E
1. Tasks must be purposeful in terms of a larger goal, i.e., they must S
have meaning not only in and of themselves, but also in terms of implementing ;; X
the specified system goal. Part-tasks or subfunctions like simple reaction time o !
are not admissable in system-oriented research unless one is studying task ' R g
mechanisms. ‘ = ?
- oA
| o B
2. The significance of these tasks must be meaningful to the subject, Fg
not necessarily in terms of his own personal interests, but in terms of what _
he understands the system goal to be. ;3 !
b} !;‘
For example, if the investigator asks the subject to count all the patterns G
he finds in a dot mosaic, the latter might be told that (a) the mosaic represents ~ 'i
8 new type of detection display;‘(b) that the ability of humans to use such gé Fi
displays for detection of underwater targets is presently very questionable; S

(¢) that each pattern found can be classified in terms of distinctive types e

50
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of enemy mines; (d) that he should work as fast and accurately as possible ' N
because his information must be passed to another member of the team who will
make a tactical judgment based on his information.

* .
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Although none of this may Se strictly the truth, it does help to make the iﬁ g
task mire meaningful to the subject. - f{
e ;‘;;

To introduce this "realism" into the experimental situation will undoubtedly ol

create some difficulties for the investigator seeking to conduct laboratory

research because it complicates that laboratory situation. Nonetheless, despite
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2 v ‘the added effort, it is possible to incorporate mission chéractetistics into
laboratory research. ‘
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3. To skip to the other end of the measurement process, in whatever

. environnent we conduct our research, studies must be replicated (validated) by

“

measuring the same phenomena in or with operational systems in the operational

environment. (Or at the very least by some approximation of the operational

e IR

system; there vill, of course, be times when it is impossible to use the
operational system for validation purposes.) If validation is defined as
testing measurement conclusions rcached in the laboratory against reality, that
reality for the Human Factors researcher must be the operational system. Vali~

dation in the operational environment presents certain difficulties that must

FRERGH | eataco

be recognized, not the least of which 13 exposing one's ccnclusions to risk in
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an eavironment much more compiex and less well controlled than the one from

-y

which these conclusions came originally; but these difficulties can be overcome.

This form of validation is very unlikely to be implemented by many researchers,

s
. 3
X

particularly academicians who have little scyuaintance with, love of and oppor-
tunity to secure operaticnal systems as testbeds. Perhaps this burden should

23

be assigned to researchers in government laboratories. Nevertheless, the con-
tinuing failure to validate behavioral conclusions in the real world (the

L MAGACY
|'- Ay

operational environment) means that most of our data and conclusions are suspect;
they may not be invalid, but (just as bad) they may be irrelevant to reality.

All gystem-relevant factors must be included in the measurement situation. The

laboratory researcher endeavors to include--or at least control--all the factors
he feels will influence his subject's performance. However, because he deals
only with individual performance, he includes only those factors relevant to
that performance; obviously, if what one is attempting to measure is very
molecular, system factors will be largely irrelevant. Psychophysical studies,
e.g., determination of minimal visval angles, do not require a system context
(although they should be validated operationally). ’

The system—oriented investigator endeavors to include not only individual
factors but those affecting the output of the actual or simulated system. Con~-
segur: tly the number of variables to be included in the system-oriented measurement

sitiaction increases--which does not make it any easier for the investigator.

23




What are these system—relevant factors? They involve two'aspects:

1. All those variables that would in the operational environment be
expected to affect system cutput. The specific nature of these variables will
depend on the type of systembbeing measured or (in a laboratory situation)
simulated. For example, if the researcher develops a measurement situation
based on an information-processing system model, he might include: number
and type of information channels; types of messages; ﬁeésage frequency and
familiarity, etc. If he bases his measurement on a visual surveillance system

model he might include: types of stimuli; their intensity, complexity, classifi-

cation rules, etc.

2. The second aspect of system-related factors is the amount of

interaction the researcher includes in his system representation.

Obviously in the operational environment he does not have to pick and choose
among variables to be included in the measurement; they already exist in that
situation; and all he has to do is to ensure “hat those variables truly repre-
sent the system as an operational entity: that the systeﬁ is performing under
norﬁal operational conditions using only operatioucl pfocedures, etc. If the

.system being studied is exercised under non-normal conditions, the variables

present in the measurement situation are non-representative and will produce

invalid data.

For the researcher working in a more controlled environment (e.g., the
laboratory) if the tasks presented to subjects are modelled directly on those
of an operational system, then the major characteristics of that system must
be deliberately included in the measurement., I1f, as is more common, synthetic
tasks are developed to create what might be called a "system analogue," it is
necessary for the researcher to include sufficient system variables to represent
the system. (Whatever the synthetic task situation developed by the gesearcher,
implicit in what he creates as a task or tasks is an operational system model
of some sort, conceptual rather than concrete perhaps, but a model nonetheless.
To develop the most effective set of experimental tasks, he must therefore
examine that implicit model.) This 18 because a system is defined in part by
the interactions among its elements. If there are too few such interactions,

the task representation will lose its system cnaracter. The precise amount of
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interaction needed for system representation cannot be specified, but the

researcher must avoid the situation in which only one variable is abstracted
from the operational system and used as a model for the development of task
materials. This was, for example, the situation in which Bavelas (1950) in
his pioneering study of communication processes abstracted only the patterning

- of information channels and created a methodology based solely om the arrange-

ments of networks, e.g., Star, Circle. This representation was 80 limited
that the results of the many network studies he initiated have been largely

sterile.

The rationale for including system-relevant factors is the dssumption that
all system elements affect each other and that consequently exclusion of some
from the measurement would produce an aberrant set of results. From the tradi-
tional experimental design standpoint, if the investigator excludes undesir..ble
(e.g., potentially confounding) variables from all the groups being contras'.ed,
this cancels out the effect of these variables on his measurement situatior..
But if one assumes that system elements affect one another, the exclusion of
the inconvenient variables changes the way in which the remaining variables
behave. Exclusion creates a non—operational (and hence invalid) measureme-t
situation. It is possible that the well known inability of much laboratory :
research to predict or explain operational performarnce (Chapanis, 1967) results i
from the non-operational character pf that research. ' '

To manipulate all these variables and their values (particularly in an orthogonil'
manner) would require a meagurement situation of tremendous complexity.

A partial solution is to cfeate & situation in which system variables are
allowed to influence performance as they do operationally (that is to say,
without being controlled).  In other words, these variables are included in
the measures :nt situation, but they are not specifically measured. They are
allowed to exercise their effect only as part of the mission scenario context;
they serve as background for the variables being manipulated. Rather than
controlling them, the investigator permits these variables to function in
almost a8 random fashion. However, if these variables are introduced randomly
to represent real-world occurrences, it is necessary to repeat the measurement
situation (trials) often enough to ensure that the frequency distribution of
these variables is not grossly distorted and is in fact representative of what

28
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occurs in the real world. This increases the complexity of the situation of course. .

Of course, if one werc to ask a question specifically of one of these factors, .-
c.g., what is the elfect of high input loads on system efficiency, then it would
be necessary to develop a more or less traditional experimental design to accom-

modate that variable.

”~ /
If it is impossible to introduce these system factors into the laboratory, .
then it is necessary to conduct research in the operational environment. However, . f
it is the author's contention that although it may be difficult to include all ;; ‘%
these factors fully in a laboratory study or evea in a system simula;ion, it is . /
possible to include at least some of them. EZ f»»a-
Our aim in developing laboratory tasks must therefore be to reproduce the 2‘
operational environment as much as possible. Within that simulation it is -
possible to arrange variables in classic experimental designs. System variables =
o

serve as the context within which other variables of more immediate interest can

be manipulated.

JLd

The system-oriented investigator pays a price for his orientation, particularly . ; -
in the laboratory situation. Fidelity to the operational situation~--realism—- :%
becomes the criterion of acceptable research. For example, it no longer becomes ’
possible to use "naive" college students recruited directly from the classroom; :? -
they must be highly trained as Kidd's subjects (Kidd, 1959) were trained, or D
they must be operational personnel if operational tasks are used. Almost cer- - .
téinly data collection will require much more time. Team situations will become 22
more common because most systemé of any complexity are organized around teams. . .

With all the difficulties attendant upon incorporating system-relevant factors
into controlled experimentation, why should the researcher bother? Because failure ﬂ;
to include these factors in the laboratory tends to produce very artificial task -
situations. The reader may have had the experience of attempting to model a ,?
synthetic task after a real world original. In the process of "cutting it down" -
so that it would fit into a "reasonable" experimental situation, he often -
simplifies it so it will not require extensive prior training of naive subjects; = ,
compresses it so that it will fit within a 30)-minute test situation; modifies - .j:
it so that it can be presented in a group rather than an individual session (thus _;2 ;/;~’
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again saving precious time); extracts the essence of the real world task so that
it becomes only a symbolic ahalogue of the original rather than a concrete task.
Nonetheiess, when the study 1is written for publication the researcher will claim
that the results throw light on the way in which the original task is performed.
Further comment 6n this point should be unnecessary.

The effect on system output is the criterion of significance for personnel

variables. Since the performance of its personnel is designed to auéport the .
output of the systém, that output becomez the ultimate evaluational criterion.
This means that if a personnel variable does not influence system output signi-
‘ficantly, it isAunimportant on a system level, however significant it may be on
an individual basis. Suppose for example one conducted an experiment in which
assembly line production is contrasted under two conditions--with and without

piped-in music. Two measures are applied: ratings of job satisfaction_(individual

perforaance level); and number of units produced (system output). The difference
between the music-no music conditions is highly significanmt (statistically) in
terms of job satisfaction ratings; but the output measure produces only small

and variable differences. One would have to conclude that the variable was
insignificant from a system standpoint; - LT e

One cannot automatically assume that a variable affecting individual human
performance will autcmatically have a corresponding effect on the system output.
The effect of individual operator performance on the system output may be reduced
by intervening factors which cancel out the effect. This often happens in large,

- complex systems in which chains of activity must occur before the terminal catput

is achieved. What might be a significant effect in a single operator system may
be insignificant in a multi-operator one. A performance modification in one
small link of the chain may be diminished to insignificance by counteracting
factors by the time the output is accomplished. It is possible in such a chain-
series, the closer to the final link (the system output) thet sdch a change in
operator performance occurs, the more likely it is to have a major effect on
that output. The more direct the linkage between a human response and the

system output, the greater effect that response may have.
One might object that with this philosophy variables of great importance to

the individual performer could be overlooked. (It is true that judged on that

eriterion many human performance variables would drop out.) However, if all
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system elements influence each other, if # variable is sufficiently important

........
.....

on an individual basis, it will inevitably produce an effect at the output level. .

We would not go so far as to say that if a variable is unimportant at the system
level, it is also unimportant at the individual level, because this would be
manifestly incorrect. Althohgh one should not‘ignore important individual
personnel variables, one should treat them with a certain reserve until their

significance to the total system is determined.

Performance must be measured on both individual and gystem level. Because

the system functions on four levels (individual, team, subsystem, system), per-
formance must be measured on all four levels; any description of system per-
formance is incomplete if only individual or only system performance is measured.
The traditional behavioral research study is incomplete because it gathers data
solely on the individual; the same.is true of the usual engineering study because

it gathers data solely on equipment.

- Another reason for measuring on all these levels is that, as indicated

previously, one can only determine the practical significance (i.e., meaningfulress)

of a human performance or a personnel variable by evaluating its impact on the
system output. The difficulty that arises in actual system measurement is that
at the individual/team level one is measuring an output derived from relatively
few inputs; at the subsystem/system levei one is measuriﬁg an output derived
from many earlier or concurrent lower order inputs. As one consequence of this,
at subsystem/system levels many more human and machine outputs are mixed together,
whereas at the individual/team level, although there are machine elements in

the operator's performance, thg human elements are often more manifest. It
therefore becomes more difficult to determine the effect on system output of a

particular human response at the operator level.

If we contrast laboratory measurement with measurement in the operational

environment, we see because of the number of levels in system operations that:

1. 1In the usual laboratory resezrch the whole problem of relating human
performance to a system output does no: exist, because the system——in any of its
forms, the operational system, system simulation or system analogue--is not

included in the measurement scenario.
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2. In the qual laboratory research machine outputs merely aid the
presentation of stimuli and the researcher need not be overly concerned with
machine characteristics (except in tracking, perceptual or decision making
research where the human response is implemented by the machine). Where an
operational system is studied, its machine elements as part of the system being

measured must be considered in terms of research parameters.

3. 1In the operational environment performance at the individual level
is often separated from the system output level by time and intervening steps
with their correlated outputs. If xl is the individual output and Y the system
output, then

Y = (f) xn “ e e e s xa . X3 . Xz ’ Xl

The difficulty in relating X1 to Y increases as xn increases. In the'absence
of a controlled experimental design 1n which X is systematically varied, the
only practical means of analysis is correlation of xl with Y; and the more the
intervening steps between the two, the lower the correlation is likely to be.
On the contrary, in the usual lsboratory research the time intervals between
stimuli and subject response are usually quite short (see for example the study
by Bourne (1957) in which the feedback interval is measured in fractions of a

second) and the steps between them few because:

a. The researcher often cannot afford lengthy time intervals and

b. He knows that if he expands his measurement situation he is much

less likely to secure significant differences or high correlations.

By abbreviating his measurement situation he finds it much simpler to demonstrate
significant relationships among variables. Unfortunately, because of the abbrevia-
tions he produces in his test situation, these relationships often bear little

resemblance to operational reality.

The system concept emphasizes measurement in the operational environment.

It does so for several reasons:

1. The operational manned system is the measurement model.
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2. It is difficult (although not impossible) to include total, functioning

systems in more controlled (e.g., laboratory) measurement environments.

3. Efforts to reproduce system tasks in controlled environments of ten--
although this need not necessarily be so--lead to highly artificial situations
vhich bear little relationship to their operational models.

4. As we shall see later, there are many measurement questions-—and
not merely those of a research nature--that can be answered only in the opera-
tional environment. This last is perhaps the most important of these reasons.

The system concept emghaéizes evaluation of performance. It has been pointed
out that evaluation is inherent in the system concept/ because it is necessary to
. determine whether performance standards are being or ?an be met. Evaluation

- tests must be continuously performed during system de&elopmen: (to guide its
proper development) and, after the system becomes ope*acicnal, during 1its
operations (to control and stabilize effective performance). These tests which
are of three general types-—Exploratory, Resolution, #nd Verification testing--
v;ll be described in Chapter Four. For the moment iﬁ is sufficient to say

that evaluation testing represents a category of beha§10r31 measurement which

is distinctly different from the traditional hypothesis-tésting of controlled
experimentation. These differences have significant ?mplications for the manner

in which system-oriented measurement is conducted andéita results analyzed.
E

Implications for Laboratory Research

If the reader has gathered the impression that system-oriented research must
be pecformed in the operational environment with operational systems, and that
in consequence the system concept has no meaning for laboratory research--this
impression 18 incorrect. Logically the most desirable measurement is made in
the operational enviromment, but sometimes this is for a variety of reasons
not feasible. It is therefore unrealistic to contemplate a Human Factors
research program without laboratory effort. How then should laboratory research

 be performed so that it fits into the system orientation?

1. The questions asked. The questions asked in this research should

focus on the relationship between individual and system parameters. By this
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we mean that if the study is, for example, one on the effects on performance of
varying delays in providing feedback to subjects, the null hypothesis would be
reformulated to read: Does it make any differeace to : Jividual and system
performance of increasing (or decreasing) feedback delay? In this formulation
the researcher does not ignore the individual, but he places him in ccntext
with the system. The system context is supplied by organizing experimental
tasks into s mission scenario.

2. Equipment requirements. Operational equipment is not required in
the laboratory situation; indeed, at one extreme no equipment at allliay be
necessary, since the principles of system functioning apply in all manned systems
and can be studied in manual systems as well as in those that are highly
mechanized.

It is perfectly feasible for the investigator to develop an imaginary
(synthetic) system which is defined by the following (as a minimum):

a. A mission scenario consisting of a series of tasks which must
be performed over time to achieve a specified system goal.

b. A system output or product which is required by that goal and
which is derived Ly integrating and transforming outputs from one or more
sources (preferably several).

... The researcher can develop his system so that omne subject's outputs are acted
upon by another subject who makes use of those outputrs to develop hi:‘own. Each
such transformation process can be considered a sqbcylten; One reason for
including transforms in the laboratory study is to permit the evaluation of the
significance of individual responses in terms of their effect on a higher order
output., Transformation can be made to occur by requiring some form of output
coding or recoding or by making the first subject's responses one of the bases
of a dgciaion made by the second subject.

The researcher may of course run into difficulty in simulating the one-man
system in which the transformation occurs solely at the individual level. Trans-
formations in one-man systems must be accomplished with the aid of machine
functions which make it difficult to simulate such systems economically. Where
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the transformation is accomplished solely on a manual basis, it may be "cleaner"
because the researcher dqes not have to take account of machine interactions
with behavioral processes, but ‘it is, however, somewhat unrepresentative of the ]

many transformations that do make vse of machines.

The reader may ask how many transformations define a system. The answer is
purely a guess on our part. Presumably the more transformations, the more complex :"
the system analogue; but a very simple system can be representad by a single

transformation.

fransformations can occur at all system levels (individual, team, subsystem,
system). They often occur sequentially, as when information must be gathered i;
from subordinate levels, filtered (interpreted) and integrated by superior -
levels. Or they may occur concurrently at the same 6: different levels. :i
Transformations are related to the allocation of functions and superior-inferior -
levels of authority, but are most likely to occur at points in the system at
which different individuals (in a team) or different subsystems interact, i.e.,
vhere an output from one function/team/subsystem must interact with another. .
(Examples of transforms as reported in the literature and of system-oriented o
measurement in general are described in the Appendix.) .

3. Teams. System simulation within the laboratory strongly emphasizes
tean situations, because the simplest way of accomplishing a transformation is o
by having different individuals operate upon each other's outputs. In addition, o
most operational systems of any complexity are multi-operator systems, if only !
because increasing system complexity imposes too great a burden on a single operator. '

In studying individual performance in a system context the researcher is o
perforce studying team behavior. This is a bonus for behavioral research in

~a
sg ¥
ID.'I. '

general because comparatively few studies have so far been performed using
team situations. Most academic research has foc:ssed on the individual, not

only becagse of Psychology's individualistic orientation, but also because
creating the team situation is inherently more difficuit.

4. Training. Operational systems are exercised by trained crews. The

common practice of employing subjects unfamiliar with the tasks they are to =
perform is completely unacceptable to system-oriented research. Measurement of 3
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naive subject performance merely determines how long it takes him to learn.
Often such subjects have not fully learned by the time they must be released.
The employment of naive subjects also requires the construction of highly
abstracted, sliplistic tasks which must be simple if they are not to require
prolonged training sessions. Subjects' performance under these conditions

cannot be extrapolated to that of operational personnel.

If the task to be performed is an acﬁual operational one, then operational
personnel trained in that task must be secured; if a synthetic (artificial)
task is employed, subjects must be given extensive training on that task before
testing begins. The use of a mission scenario means that the subject will
often have to learn several interrelated tasks; and since the tasks will be
meaningful ones, the usual practice of giving, say, a fixed number of training
trials (e.g., 20) or training to criterion where the criterion is something as
absurd as one perfect trial, will not do.
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I CHARACTERISTICS OF PERSONNEL SUBSYSTEM MEASUREMENT : '%
" B
> Almost all the behavioral research one reads about 1n.the literature deals 3 T
'S - with controlled experimentation (CE). CE is measurement performed under highly g
controlled conditions found primarily in tne laboratory and emphasizes manipulation i L
% of variables as part of hypothesis-testing. Not often described in the readily :4_T\$;
"available literature is a whole importent genre of measurement which is largely ii* . 
i ignored by experimentalists and statistically oriented psychologists. This § 3
- genre the author has termed personnel subsystem measurement (PSM). !
- Although as we saw in Chapter Two, CE can accommodate the system orientationm, SN
% much of the measurement performed in relation to developing and operational - 3\
- systems involves PSM. When correctly performed, PSM implements the system N

122 .
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approach to measurement. PSM 1is measurement of personnel performing the total
task or job (or aspects of these) in the context of or in reference to the

actual work (i.e., system) environment.

Although there is no complete dichotomy between CE and PSM, the major point

of overlap being a common research function, there are emough significant dif-
ferences between the two to warrant thinking of PSM as a distinct form of human

_performance measurement rather than as an applied (i.e., "weak") form of CE.

These differences are summarized in Table 1. The following discussion follows
the headings in Table 1.

PSM has many more purposes than does CE. Where the measurement reference

is the system, many more questions arise than when the reference is the
individual. The necessary and sufficient purpose of CE is to discover the
mechanisms responsible for the performance of the object or event being measured
The application of this knowledge is someone else'’s responsibility; in PSM that

application is inherent in the measurement.
PSM goals are highly pragmatic:

1. To determine the feasibility of an approach.
35
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2. To select the most effective alternative (e.g., design or procedure).
3. To determine capability to performf

4. To evaluate system and system element effectiveness.

5. To solve problems arising in the personnel subsystem.

6. To perform needed research.

When the investigator measures in relation to the initial five goals, he is
performing what we call "operational measurement." When he conducts research,

he is performing "research measurement."

The CE researcher can stop when he has suﬁposedly unearthed these mechanisms,
but the PSM investigator (in his cperational measurement role) cannot, because
PSM'as action-orientation demands that where the performance of an object or
phenomenon deviates from system requirements, it must be modified to bring it
into consonance with those requirements. If the object or performance meets
.nse requirements, the PSM investigator accepts it as it stands; he does not
search for causal mechanisms except as part of problem solution. Nevertheless,
research is also important to PSM. It.ia‘often necessary to learn more about
how certain factors affect perscnnel subsystem performance. When that research
is performed, whether in the laboratory or in the operational environment, the

methods employed (to the extentrthét,they can be employed) are those of CE.

Methods

To discover explanatory mechanisms, CE must manipulate variables; The
experimenter extracts the major influencing variables on the b#sis of his
hypotheses; he menipulaies these by arranging his measurement situation. PSM
in its operational measurement mode rarely manipulates variables or assigns
subjects to contrasting groups because ordinarily there are no treatment condi-
tions to be considered. With one exception. When contrasting conditions are
inherent in a system scenario (e.g., the system must function under daylight
and nighttime conditions or on sea and land), these conditions will be
contrasted.
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On the other hand, PSM emphasizes exercise of the éomplete system scenario
(i.e., the mission for which the system was programmed by its developers).
Exercise of that mission scenario is a highly complex activity, as exhaustive

as the most compléx experiment.

Hypotheses

Because the experimenter looks for explanatory mechanisms, he must develcp
hypotheses about how his variables will function in his measurement situation.
He then arranges that situation to test these hypotheses. The PSM investigator

has no need to develop hypotheses because for operational purposes PSM is con-

- cerned only with whether system personnel perform in accordance with system

requirements.

t
i

Performance Criterion

Since CE ié concerned only with explanatory mechanisms and rarely has a
system reference, it does not evaluate the effects that derive from its mani-
pulation of vaiiables. It therefore need not specify in advance that a particular
level of aubjeéc performance is required (this is not the same as specifying a
statistical leéel of significance); whatever occurs is sufficient. Performance
criteria are 1éherént in operational PSM because that measurement is directed

by the questioﬂ of how effective system performance is or will be.

Tasks

In CE the tasks to be performed by subje.ts do not ordinarily derive from
a specific system although they may occasionally be developed to represent
tasks performed in a type of system, e.g., Kidd's air traffic control tasks
(Kidd, 1959). Since the experimenter's intent is not to provide information
about a specific system, he has great freedom in developing his measurement
tasks. Therefore, (and this is something pointed out in Chapter Two) these
tasks are often so abstracted that they bear no relationship to operational
tasks. Whether or nct this i3 unfortunate depends on whether it is iaportant
to the researcher to esxtrapolate the results of these tasks to the real world.
Because there is no necessary relaticuship between experimental tasks and any

particular system, the generalization of data from such tasks to a specific
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system is highly limited, but conversely these data may generalize (however

haltingly) to systems in general. The generalization is broad, but shallow.

Since PSM in its operational measurement mode is always directed at a
particular system, it takes its measurement tasks from that system and they
must replicate the actual characteristics of the operational tasks as closely
as possible (fidelity). Fidelity is irrelevant for CE. Operational PSM data
have maximum applicability to the individual system but less gener#lizability

across systems. PSM generalization is narrow but intensive.

Standard cf Proof

Both CE and PSM employ statistical standards of proof; these are sufficient
for CE because CE intends only to test whether or not a particular hypothesis
is statistically verified. Statistical standards are insufficient for PSM
because PSM's action-orientation requires the solution of a systémAproblgn _
or an evaluation on which some action will be based. Tn addition to the usual
statistical techniques and (where applicable) elaborate experimental designms,
PSM must be concerned about a pragmatic standard of proof: 1Is the difference
between system requirement and actual performance sufficiently large (however

statistically significant) to make a practical difference to the system output?

Unit of Reference

One of the major differences between CE and PSM is the latter's orientation

to the system. There is no necessary system orientation in CE and in fact most

behavioral experiments are oriented around individuals or groups rather than
systems. As a consequence, the application of performance data in CE is usually
to the individual or group without reference to the system in which they perform.
PSM views periunnel performance in the working environment as resulting from
attempts to satisfy a hierarchy of system requirements; performance can
therefore be understood only in terms of those requirements. (There is of
course performance directed solely at satisfying individual goals, e.g., mainte-
nance of bodily functions, and to study this performance CE methods may be
wholly satisfactory.)
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In PMS the meaningfulness of individual and team performance data lies in
its effect on the higher order structure (the subsystem and system) in which

l“
L oes

performance occurs, and the interplay between that structure and that performance.
Consequently, data fn PSM must be gathered not only at the individual/team level,
but also at the subsystem/system level; and explicitly or implicitly, the effect

of the former upon the latter must be examined.

These differences between CE and PSM have major effects upon the way each
measures. This does not imply that one is better than or to be preferred over . :
the other. It is simply that differing purposes and conditions of measurement - ..

- create different measurement situations and that the investigator must apply
the methodology appropriate to his situation. In the reai world of systems
this usually means PSM.

Measures Employed
Because CE studies in&ividuais and groups, measures are taken of both, but o
primarily of individual performance; group performance is studied much less e
frequently. PSM measures at the individual and team (work-oriented group) E%
levels, but, in addition, when it is properly conducted, measures are taken :;
at the subsystem and system levels. The latter may appear as less behavioral ?Z
than the former (e.g., number of targets downed, number ot rounds fired) because
they summarize not only behavigral but also equipment outputs. :?A
Both CE and PSM make use of quantitative measures, the former being perhaps o
more molecular and sophisticated than the latter, because it is possible with ;:
CE to arrange the measurement situation to make use of such measures. PSM S
measures are more descriptive because there is much greater emphasis in PSM ?3
on normative data, which is inherently descriptive. ‘ -
Although both CE and PSM employ qualitative data, the latter employs more
such data and these play a more central role in PSM than in CE. No controlled
experiment should be ~ompleted without debriefing subjects, but often even
that little is not accomplished. Qualitative methods (interviews, questionnaires, LY
ratings, critical incidents) play a much greater role in PSM becauce understanding =
of explanatory mechanisms must in part derive from the cooperation of the test N
subject. Since it is impossible as in CE to arrange contrasting conditions so -
- s
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that a clearer understanding of the effects of events and phenomena can be
derived, PSM finds it necessary to make use of the experience of these events/
plienomena gained by subjects during the measurement situation. In CE research
ln which the poal 1s the determination of generalizable principles, subject
reactions to the measurement process are not considered particularly important.
In PSM, where system personnel form an integral part of the system and can
influence the effectiveness of system performance, it is highly desirable to

secure their reactions to the‘measurement situation.

Measurement ptoauces»data,'and data are what we scrutinize to derive con-
clusions from that measurement. One might think that all data are the same,
and in one sense they are (i.e., reaction time (RT) is the same measure, however
the conditions of gathering that reaction time may vary); but data differ in
terms of the purposes for which they are gathered and the measurement operations

performed to produce them. Most important, they differ in terms of the variables

included in the measurement.

All data reflect the selection of particular variables influencing those
data. If RT is gathered in a laboratory under highly controlled conditions,
the specific RT values are likely to be different than if the researcher gathers
RT data under operational conditions (if he were in fact to do so, which is
improbable). When experiments are performed to test hypotheses, the data they
produce reflect only the experimental conditions included in the hypothesis-
test. In consequence, such data are likely to be na.row and less accurate
representations of actual operations than data gathered in the operational
environment. Some narrowing of the conditions under which CE data are gathered
is necessary, because otherwise the data collection task might be impossibly
onerous. However, operational data are less constrained by controls than A

laboratory data, and are consequently less precise or more confounded.

Data may be derived from the following types of measurements: (1) controlled
experiments; (2) PSM testing; (3) PSM normative data gathering.
the purpose of the data gathering and the operations performed differ.
already spoken of CE and PSM testing. The immediate purpose of PSM normative
data gathering is to describe as completely as possible the status of an object

In each of these

We have

or phenomenon.
data base to the designer/developer of new systems and to assist in the

The underlying purpose of this data gathering is to provide a
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implementation of some action involving these systems. In normative data i)ﬁ pd
gathering, like PSM testing but unlike CE, there is no manipulation of variables. - ////
Data are gathered by selccting those measures that appear operationally to be E% ’
most meaningful. Moreover, because the measurement situation Is not arranged, )

the resultant data reflect all the variables that would ordinarily influence - Eg: .
the data. ' T fﬁf[

The investigator will be interested in two types of PSM normative data: . -7

1. Those describing systems, differences among systems, and the . éi

relationship between personnel performance and system parameters. .
2. Those describing personnel in the performance of their tasks, which - _:if?

‘usually includes an equipment interface. This last has been termed "human ;E

performance reliability" data, although actually these data are focussed as ~

_much on accuracy and adequacy as on consistency (see Meisteér; 1978). Eé

The particular normative data one collects depends on the questions one o jféi’

seeks to answer: ;: ﬁ}}
1. System normative data may be collected in response to the following ;é = ,?
questions: ' - :L;.!
a. What parameters distinguish one system from another? - 'i//
N
b. Is there a typology of %ystems and does personnel performance i ‘RS\
vary with different types of systems? Tor example, Meister (1977) has suggested L ‘2\\
a typology based on differences in the amount of indeterminacy present in system oy *§>,
operations. _ - , O
c. How does personnel performance vary as a function of the -
particular system parameters found as a result of answering question 1? : k;

System normative data are very like that produced by trgditional hypothesis~ :: \
testing, i.e., general conclusions buttressed by empirical data, which in this = ,\
case would probably be based on correlations rather than the usual tests of sl
significance of differences (e.g., Analysis of Variance). N ‘.\v‘
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‘ 2. Personnel performance normative data may be collected to determine ' \
- the probability of task/job accomplishment as a function of:
: .
] 3
- a. Equipment characteristics. N
> b. Job characteristics. n
5 c¢. Aptitude for job-related skills. 5o
':; d. Persomnnel skill level. .
_ -
& e. Experience level. N
pc e
L:
5 f. Motivational level. o ,
3 i
_
o In contrast to CE and PSM test data, personnel performance normative data ",: /
= L3
f'_ are expressed in the form of tables or nomographs. An example of such tables o/
“ is provided in Appendix 1I. Although conclusions or principles can be derived .5 .
! from tabular compilations of such data, they are not specifically expressed in N
the tables. N
= N
g, rj //
= Statistical Analysis { <
3 CE and PSM are also differentiated by their methods of statistical analysis. :‘. \
5 In CE variables are tested by arranging contrasting conditions of presentation. E} '
5 ) g
] As a consequence, the statistics preferred by experimentalists is that testing E :
c the significance of differences, the most common technique being analysis of M RNy "
‘;1 variance in its various formats. %’ -
S On the contrary, the PSM investigator who measures in the operational ;_
situation has little opportunity to arrange contrasting conditions and he in/ )
’g often employs correlational analysis (although when he works in a laboratory L:
& or can arrange contrasting conditions in the operational environment, or can lrx
3 select contrasting conditions from that environment, he also uses significance E}
3 of difference statistics). - ]
3
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There is no doubt that significance of difference statistics are a much
more powerful tool than correlational analysis, not because this additional
power is inherent in the former technique, but because the arrangement of con-
trasting corditions permits the investigator to zero in on the mechanism or
factor hypothesized to cause a given effect. Correlations merely suggest that
an association between two or more variables exists; because the investigator
is unable to extract the effect of possibly interactive variables, the con-
clusions he can draw from a correlation must be more tentative than those of
the experiment. However, the process of arranging contrasting experimental
conditions b& eliminating interactive variables tends, as has been indicated

previously, to make the experimental situation somewhat simplistic and sometimes

artificial.
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CHAPTER FOUR
PSM MEASUREMENT QUESTIONS

The purposes of PSM imply certain questions, the answers to which will
achieve those purposes. In this chapter we describe those questions and
the methods of securing answers to these questions. We have organized
these questions by: stage of system development; training prograﬁ develop~
ment; system operation; and system maintenance. Research questions
particularly pertinent to PSM will also be discussed, but these are obviously

not the 6n1y research questions relevant to PSM.

Each question will be discussed in terms of the following topics which
the investigator should consider before initiating any study:

1.  Why is the question pertinent?

2. To what stage of system development or operations is the question

most relevant?

3. Does the question require.operafional or research measurement,

and why?
4. Will the study results be generalizable and to what extent?

5. Must variables be manipulated or not; if yes, what are these
variables? '

6. What part of the total system must be exercised or simulated?

7. 1Is a performance standard needed?

8. Does the question require a special measurement design or measures?

9. What special problems may arise in answering the questions?

10. What information (in addition to answering the specific question)

can one derive from the study?
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A. Questions Related to System Development

1. Do personncl possess the capability to perform certain functions to

specified levels? Are system design concepts feasible from a personnel

performance standpoint?

These questions are asked during the initial phases of system development.
With increasing technological sophistication we come closer to developing
systems that exceed human capabilities or stress them unduly (in individual
functions only, of course). For example, a new system design may require
personnel to make perceptual discriminations which are at or about the
threshold of perceptual capability. Whether personnel will be able to
make these discriminations is unknown. If the behavioral literature does
not supply definitive information on this question (and usually it does not),

it will be necessary to conduct a study to answer the question. This type
of study is termed an Exploratory Test.

Question Al is peculiar to a specific system design and can be answered
only in the contest of that design. Regretfully it must be reported that
the developer often relies on the operator's mythical capability to over-
come severe demaﬁds; hence the frequency of Exploratory testing is not
as great as perhaps it should be. '

Exploratory tests are almost always confined to the Predesign or very

. early design phase because afterwards the questions are moot; the developer

is committed, whether or not personnel can perform the necessary functions
at the level required. (It is rare that a function cannot be performed
at all,)

Control in the sense of CE is unnecessary in Exploratory testing because
there are no contrasting groups. All that is required 1s reproduction of
the (anticipated) system characteristics. Simulation fidelity is necessary
because question Al is specific to a type of design; hence the essential
characteristics of that design must be incorporated in the measurement
situation. Only enough of the system to permit personnel to perform the
system function (if they can) need be simulated, not the total system;
no manipulation of variables is needed; nor is there any requirement for

comparison with a control group. However, the investigator must'compare
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personnel performance with the system reqirement which is in uestion
because he does not know if it can be accomplished. If an explicit
(quantitative) standard or even an implicit one (i.e., the developer's

. concept of what is acceptable performance) cannot be specified, Al cannot

be answered. Oftea the information available about standarda is insufficient
and imprecise because system developers have not thought systematically
about what must be done by personnei.

As the measurement situation becomes increasingly specific, the results
of the study lose generalizability; hence Exploratory testing does not
provide a great deal of usable research data, although it does tell us a

bit about what the human is capable of.

On the other hand, since some part of a system confiﬁuration must be
simulated in order to provide a setting in which subjects can perform, the
investigator can secure additional information about the adequacy of that
configuration (e.g., from a human engineering standpoi..), the particular
problems thé cubject'éxperiences, the nature of his errors and failures—-
all of which can be fed back into an improved design. In general, &very
developmental test involving human performénce'in which the system con-
figuration is realistically simulated provides an opportunity to evaluate
not only that performance but also the system configuration used in the |

measurement sitiation.

2. Which of two or more alternative system configurations (e.g., equipment

designs, manning arrangements, operating procedures, etc.) is more effective
from a gersonnelggerformance standpoint?

i

|
This questionimay arise both in the Detail Design phase of system

Develcpment and in the later Operations phase. 1If personnel perfurmance is
particularly critical to the effective functioning of the system, so that
the selection of a/design or procedure must be based on that performance;

and if two or more designs or procedures are available and the selection
cannot be made on empirical or logical bases, then a Resolution test must
be performed. Sometimes this question is combined with Al because there
may be some doubt as to whether either alternative will satisfy system

requirements.

47




D T R LT I o L o N T T T S I LI

-t O St S S P e S s PR e R R e PLERR SR PR e

Although personnel performance is critical to the answer, the apparent
reason tor the Resolution test may often be an engineering one, (i.e., the
configuration as a whole Is in doubt rather than the operator's capability

to pertorm).

Since the Resolution test is an operational one, study results may not
be very generalizable.  The Resolution test resembles CE in the sense that
it involves a comparison of configurations; therefore it is necessary to
control the conditions under which each alternative is tested. As in
Exploratory testing, no manipulation of variables is required.1 Only those
aspects related specifically to the alternative configurations being

compared need be simulated or exercised in a Resolution test.

In conducting this test some consideration should be given to operator
capability and experience with configurations of the type being tested,
because these facters can determine the absolute level of performance
achieved. This last 1s of interest, although the major question is a
comparative one; a performance standard, although not crucial for answering
A2, is desirable, becauce, as pointed out beforé, neither configuration may
satisfy system requirements. Because of the need to control test conditions,
a Qtudy design in which subjects are their own controls (all subjects perform
under all conditions and order of presentation is systematically varied)
is desirable (although may not be practical). To the extent that system
characteristics are simulated faithfully, it is possible to secure infor-
mation on subject responses to human enginecering features of the system,

‘and any difficulties subjects may experience.

3. 'Does the system (in any of its developmerital forms, e.g., drawings,

mockups, procedures, prototype or production hardware) satisfy system

requirements from a personnel standpoint?

This question arises because every system is developed to satisfy

specific requirements (e.g., to fly X miles without refueling; to process N

1Which is not to say that-it is forbidden. Some investigators may do so
because somehow it makes the study apparently more respectable (academically,
that is). The unnecessary manipulation of variables is not illegal; it is
merely inefficient.
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amounts of mail each hour); and therefore it is neceésary to determine
whether the new deaigh has teen successful in accomplishing those reqﬁire-
rents. These requirements are those of perspnnel performance which are,

however, bound up with and derive from the overall system mission.

The question is answered by the Verification test, whose purpose, like
that of the Exploratory test, is specifically evaluation of performance
in relation to a requirement (standard). The difference between the two
tests is that Exploratory testing involves only a limited number of

system functions; the Verification test involves the entire system.

Unlike the Exploratory test, but like the Resolution test, Verification
testing can be performed at any stage during system Development and Operations.
At earlier developmental stages it is possible to evaluate the design of
individﬁal items of equipment, making use of drawings, mockups and proto-
type equipment (Meister & Rabideau, 1965). Although much of this testing
is quite informal, one can consider it as verification testing to the extent
that it follows a procedure which is amenable to scrutiny by someone other
than the evaluator himself. ’

At a somewhat later stage of development, when a hardware prototypek
has been developed, the purposé of the test may be to verify the adequacy
of that prototype and to gain information about system feasibility, as the
basis of a decision to proceed (or not to proceed) with further engineering
development. |

Still later, but prior to formal acceptance of the“system, the developer
may be required to demonstrate the adequacy of his product by means of an
Operational System Test (OST); or the system procurer may run his own OST
as the basis for system acceptance. The Department‘of Defense prescribes
(Directive 5000.3) a series of developmental and operational tests prior to a

system "going operational"; each has its specific purpose.

There are for example, two general types of military test and evaluation
(T&E): developmental (DTSE) and operational (OT&E). DTSE is performed by

49

; . -t ’ ! | Ty
KO . gl ; - Lo
: : ! Pl \ S . :
i

aF. ) SR RIAN 430

YT Y T ¥TY
w33

RT3

M 2T

e .
N )

PRCIPARLIAS | 8

Y

‘
.

,
T




LN T [ N o N P ! R =T oy ) /.
¢ 'J.-‘ \ oY . \ AN \‘J»/ DR T S | } i . :4’ 1 e R
~ e : R \ \ v s [ . : f i /’. I AN : . . 4‘\ i
\\ v \‘ " A‘ N 7 ' #T"'~ - ,-' - Yo w .-’. c e ‘>-1\ PR A T R L L ALY _,\'
J...L.d.'.;f.r.l.-‘.f-c.-‘.-. .~-'~--"-'>Lv Lo Vet G ‘. AR I T TR R S e BN A 0 00 R R A N R I
coA

the system developer and the military development. agency. OT&E is conducted b

by the user and/or by a major fieid agency, with operational and support g; f\i -
personnel of the type and qualifications of those expected to use and main- o ‘\
tain the system when deployed. Within OTESE there.is initiad operatidnal ?: _f~j
test and evaluation (IOT&E) performed on pre-production prototypes or N R
- pilot production systems; and follow-on T&E (FOT&E) conducted in the field - .
using the production system to verify system performance and operating costs; Cf v M
to validate correction of previously identified deficiencies, and to refine o :\\,’“
Vel hY
tactical employment doctrine and personnel/training requirements. Occasionally ;2 \*;'
developmental and IOT&E tests are combined,. , : N x} \
Thereafter, during the remainder of system life, Verification tests = 'f”” X
of one type or another (to be described in relation to question Cl) may be o T g
performed. - . {‘u-
i

[
W,

The studies performed to answer question A3 are operational ones; they

are specific to an individual item of equipment or a system; hence their

164

generalizability to other systems is low. Nevertheless, we hypothesize

that data useful to systems in general or to particular types of systems

r"‘} Tl

can be gained if results of a number of system verification tests are’

combined, particularly if a common theoretical framework and measures

have been used. One might examine those data from the viewpoint of whether, :?

for example, a design or manning principle common to all systems tested =

has been particularly successful (or the reverse). To the author's know- i .
ledge comparative studies of similar systems under test (e.g., the inter- §§
continental ballistic missiles Atlas, Titan, Minuteman) have never been SO fo
performed, but there is no reason why they could not be. 4.

The measurement design for a Verification test is coﬁparatively simple, ;i
involving only a single condition (unless the mission scenario requires =
alternative operational modes which must then be compared). Hence no et
manipulation of variables or conditions is usually necessary. Nevertheless, =
the care required in exercising even a small system for test purposes is .
formidable. The test requires exercise of the entire system, in as faithful =
a reproduction of the operational scesmario and conditions as possible; .
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‘if':he system is exercised in a non-operational mode, the test loses much
of its value as a predictor of ultimate operational performance. Reproduction
of the operational mode must include personnel factors: system personnel
who will exercise the system being tested should either be those who will

later run it operationally or have similar characteristics.

Since the purpose of the test is to verify compiiahce to system

‘requirements, a precondition for the verification test is a set of
quantitative standards. For various reasons such as indifference to or
ignorance of personnel factors this may be difficult to achieve. Consequently
Verification tests are often performed to impliétt and hence rather imprecise
personnel standards; test sensitivity is thereby reducéd and the answers

secured are tenuous.

A number of problems may arise in conducting the Verification test.

Among the most serious are:

a. Functioning equipment where involved (as it almost always is)
may break down, interrupting the measurement process and reducing the
1f

the breakdown reveals a serious design fault, major equipmentlmodifications

opportunity to secure a large enough sample of personnel performance.

may be necessary; procedures for operating the equipment may have to be

revised, so that data gathered on previous performances of system personnel

are no longer completely valid.

b. A system under test mz2y be operated in ways that differ from
its intended operational deployment. Or not all of its functions may be
exercised. This may arise because test personnel wish to experiment with
variations in the system configuration. If this happens, the investigator
canrot fully answer the initial measurement question as it pertains to

operational utility.

c¢. The personnel exercising the system during the test may not be

its intended operational users (e.g., soldiers, factory workers). The value
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of some tests has been iost,by employing the engineers wno developed the

system to exercise it; since these are usually more highly qualified

(and certainly more knowledgeabic about the system) than the anticipateu
; using personnel, an incorrect prediction of user pertormance will be

" generated.

Because the IOT&E and FOT&E (in contrast to their earlier development
or test versions) deal wich the entire system and all its functioms, it
is possible to secure.considerable information about many facets of that
system. Previous Vefification tests (see Askren and Newton, 1969) have
examined the following: | | .
|
a. Human design considerations relative to operability and main;;in—

ability; ‘ _ i

b. Adequacy of technical publications useé by personnel to operaté/

maintain the system;

|
1
c. The work environment or other conditions that affect personnel

. |

performance. 4 . 1
i

|

d. Adequacy of the manning estimated as needed to utilize the

| system;
e. Adequacy of training received by test personnei.
Deficiencies in any of these areas can be noted; investigations of
causal factors for these deficiencies can be initia.a2d; prospective solutions

to these problems can be tried out and validated.

4. How do system developers develop systems? How do they make use of

Human Factors inputs? What is the relationship between system characteristics

and operator performance?

These questions are pertinent because they go to the very heart of the
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to pruvide system dvvelnpcrs/designers2 with the behavioral information they
need to make more adequate design/developmen: decisions. This in turn
requires the behavioral specialist io have an intimate knowledge of how

the designer functions. This knowledge is necessary because the designer

is usually the sole authority with regard to anything relating to his

design (or at least has the most strident voice with regard to accepting

or rejecting recommendations of design characteristics). The specialist
needs first to determine what behavioral information the designer needs;
then, what information he will and can utilize; next the format in which

it should be presented; and finally how he utilizes that information.

In order to make meaningful recommendations for the incorporation of
behavioral principles in design, the specialist must ascertain the relation-
ship between individual system characteristics (e.g., various equipment
arrangements) and the operator performance resulting from those character-

istics. We still know very little about this relationship.

Question A4 calls for research rather than operational"étudies, because
answers do not apply to a single system or equipment. If one knows for example
that a particular equipment characteristic or configuration always requires a
particular kind of maintenance activity, thic information applies "across the

board." For that reason the answers to A4 should be highly generalizable.

Since we are dealing here with research rather than evaluation, the

manipulation of variables is not only pertinent but necessary. In the studies

sz system developer we mean one who is responsible for the planning, approving
and managing of system development; he may be the head of the customer's
project team, the Chief Engineer or head of an engineering group. By

designer is meant those who carry out the developer's plans at a detail

level by drawing designs for equipment; planning spares requirements,

performing the engineering calculations and writing the operating procedures.

The informational needs of developers and designers probably differ, the

latter requiring more molecular information than the former. For convenience

we shall henceforth refer to the "designer" only, with the understanding

that this phase also includes the developer.
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performed by Meister et al. (1968, 1969a, 1969b, 1971) and Askren and Lintz

(1975) one can see some of the variables around which this type of research - "‘_)

N

can be designed. These include (a) individual differences within the -

designer pqpulation (e.g., the system level designer vs. the equipment W L
level designer); (b) the type of human factors input (e.g., equipment- e
performance relationships, skill level, availablility data, etc.); (c) the o ﬁv\
format in which human factors inputs are presented (e.g., verbal, graphic, éj
quantitative, etc.); (d) the amount of behavioral information providéd and
its sequencing in development. : ;2 -
o e
Since the research is not system-specific, it is unnecessary to attempt f?
to replicate the hardware characteristics of any particular system. Rather - \
the researcher is attempting to investigate a development process, and ' £
the measurement environment selected for such an investigation should be ‘ :: s
that of an actual engineering department or a situation which simulates - :
the essential characteristics of the design process. For example, in one ~E§ f&:f
study (Meister et al., 1968) missile ground equipment designers were hired ) : 'i
to design (on paper only, of course) a ground fuel pressurization system to ES -~Jﬂjf
the experimenter's specification. The design effort was performed in the a .,:
designer's own office which was of course part of the company's engineering if /
department. Since most of the inputs and outputs of the design process = .é;;i
are symbolic (cognitive), in the form of engineering drawings (although = i‘jfii
mockups too can be developed), a special physical enviromment is not B
necessary. v o
£
Because these are research questions and moreover deal with operator
performance only indirectly, performance standards are irrelevant. (Performance Ei o
standards for design adequacy are very gross.) Nor does zhe resulting = .
research require a special experimental design specific to the questions ﬁ% e
asked; any of the usual experimental designs involving experimental and ~
control conditions can be employed; which one is selected depends on the - ’
variables at issue. o ’
Although the equipment problems to be solved need to be based on an 2; ///
actual operational system, one aspect of the measurement situation does T
require a high degree of operational fidelity. In simulating the design : Ei
process it is necessary to reproduce the characteristics of typical inputs - j
/

(33
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to that process ana to require customary design outputs from engineers. For
exaxple, it is necessary to develop a realistic system requirement document and
‘ to ask for certain types of analyses and drawings which one would ordinarily
receive in response to su:h a requirement (e.g., schematics, flow diagrams,
tradeoff analyses). In studying design many methods can be used to secure data,

including observation of aciual system development activities,'interviews with

designers, paper and pencil tests employing written/graphic design problems,
ratings of the adequacy of design outputs, etc. Hbre controlled methods may make 3:3
use of simulation as well as experimentation both in the laboratory and in the
actual system development environment (i.e., the engineering department).

The simulation of anything as complex as the design process presents

difficulties. There are two critical elements affecting the design response: _u_;
differences among designers; and the nature of design tasks. The first is E%ﬁ e
important because design is a peculiarly individual (i.e., covert) process, i&: /7/A

despite the use of project teams on major projects. We are unable to do

wmore than make gfoss differentiations among types of designers, (e.g.,

system and bench-level engineers); and such a dichotomy probably covers up ' Efa
critical individual differences among them (see Hughes Aircraft Company, 1978). , Sﬁf
The seéond is important because design requires a wide spectrum of functions. :i:
Since the design process is usually a lengthy one (for systemm of any f;: i
complexity) the experimenter attempts to simulate the process (and speed 553 -
it up) br abstracting what he considers to be the critical elements of that Eﬁ?: P
process. But the abstraction may eliminate certain other essential features :;3-“
" of design that have not yet been identified. B i;é
k.__-:f r'/
This is an especially fertile area for fundamental PSM research; it has :}:f~; o
been hardly touched (the few studies berformed and the conclusions reached Eé:; :
require more detailed treatment than is possible here); but its potential :ﬁﬁ?
utility cannot be overestirated. Unfortunately the importance of the f:%; \
question is not too well recognized by those supporting behavioral research. -g%ﬁ J
B. Questions Related to Training ?fo:
1. Has the necessary tr#ining;been accomplished? Is the training . ZE:;
adequate? ‘ fji —
= R / )\. o/ | / - \ :ﬁ
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~ Question Bl does not mean, has a specified course of study been given?
But rather, have trainees learned appropriate3 skills on the basis of that
'fraining? It is the training program that is being eQaluated and not any
individual student's proficiency, although obviously whether or not indiv-
iduals (in aggregate) have learned (as demonstrated in performance) is the
basis for determining whether or not the program is effective. Whether or
not individual X has learned is a pertinent question but only to individual
X.

Question Bl arises as soon as training is initiated. The very first
training for a truly new system is usually factory training, i.e., training
provided to potential users by the system developer at the factory or test
range. This training is apt to be somewhat less systematic and formal than
that later established by the using agency (the customer) on its own
(basing that training of course on the factory predecessor). Factory train-
ing often precedes the OST which serves as the acceptance test for the
system since using personnel who will conduct that test must be trained.
However, Bl can and is often asked throughout system life, because systems
become updated, curricula are refined, student population characteristics
may change (with greater or lesser aptitude than previous inputs);. all of
these make it necessary periodically to determine whether training still
satisfies objectives.

_Question Bl is obviously not peculiar to manned systems but may be
asked in any educational context; for example, it has been asked increasingly
about the adequacy of the American primary and secondary educational system
and whether that system is doing what it is supposed to do. In the case
of public education as contrasced to technical (e.g., military or commercial/
industrial) training, the problem of training evaluation is considerably
exacerbated because educators, politicians and the general public have
ideological viewpoints and rarely agree on what the system'requirements
are or should be. This is much less true for technical training.

3The reference is always the system. That training is appropriate which
satisfies system performance requirements.
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There are additional differences between training for a new military or
commercial/industrial system and public education. In the former, if the
system is genuinely novel, there is little backlog of experience and
knowledge on which to base decisions such as: how long training should
be; what training methods should be employed; what should the sequence
of training be. (Major military system changes are infrequent; however,
less comprehensive changes are much more fréquen:;) Consequently these
decisions are likely to be based on the "cut and try"” principle. Public
education on the contrary has changed relatively slowly (despite the
propagandizing of new approaches) and there is a longer "track record"

to use as the basis for these decisions.

Naturally question Bl applies not only to a total cﬁrriculum but also
to its individual segments. ;

The evaluation of a specific training prégram can be answered only by
operational ‘study becéuse it is peculiar not only to a specific set of
tasks and skills demanded by the system but élso to trainees with a
particular set of capabilities and experiencé. The answers provided are
not generalizable, therefore, except in the general sense of confirming
that a cert#in amount of training given in aiparticular way does ( or
does not) lead to skill acquisition. (Few c&mparative studies of actual
training programs are performed, however.) dne'can also ask whether a
type of training environment, such as a simulator, or a'training medium
such as programmed instruction, trains effectively. When the question is

asked in this general sense, it becomes a research problem (see question B3),

the answers to which are highly generalizable.

As long as the evaluation is an operational study, no manipulation of
variables is required in the evaluation of an individual training program.
(The situation changes however when one is contrasting different training
methods or media within a single training program; here the training program
serves merely as a context for the experimental variables which are treated
as in question B3. If on the other hand one is contrasting two distinctly
different trainiug programs, the study become a Résolution test.)
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The design for evaluation of an individual training program may be handled
in several ways:

a. One may ask how much improvement trainees exhibit as a result
of fraining over their initial (pre-training) state. In this situation
trainees are tested before, during and following training; if the differences
between post-test and pre-~test aré significant, it suggests that an amount

of something has been learned.

The defect of this kind of design is that no mention has been made
of any performance standard which trainees must satisfy. Lacking a comparison
with that standard, all one can say is that some learning has been achieved,
but whether trainees have learned what they should and to a prescribed criterion

of adequacy 1is quite unknown.

b. Alternatively, trainees are tested only once, at the conclusion
of training (and/or at the conclusion of individual curriculum segments);
and performance is compared with some standard of proficiency (which may
be a quantitative score, an expert judgment of capability~-transformed into
a quantititive rating--or accomplishment of some tasks representative of
the job). This design is a very common one, but the difficulty is that
since an objective.standard is usually lacking one can again surmise only
that some training has been accomplished Sut not the amount of that

B trsin:lng'.' T

Control groups which receive no training and serve as comparison conditions
are not usually employed in operational eyaluations, because first, there
is no pool of subjects available to serve as a control, since all personnel
entering the training pipeline are there to learn; and secondly control
groups are unnecessary since specialized training will always produce
performance significantly greater than would be produced by a group not
receiving training. (The concept of a control group in evaluation of training
is appropriate only when there are alternative ways of deveioping skills
thar by means of a specified curriculum.)
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If what is being trained are skills which can be demonstrated only by -

' L
performance, it will be necessary to exercise the system, subsystem or -~
equipment (whichever is relevant to the skills to be demonstrated). A k-
surrogate- simulator- of the operational equipment can be utilized in place gg .
of the actual equipment if the simulation is sufficiently faithful. Only ﬁ .
i1f knowledges (e.g., background information, theoretical concepts) are to ' K
be tested4 will exercise of the physical system be unnecessary; in this ‘ k;
case the system can be represented symbolically (i.e., verbally, by drawings Eé

or mockups).

_\'._5_2.."- l- y ;

Ansvers to question Bl, if it is asked of the factory training course
developedvbeforeOST,mny be provided (partially) by the OST. If one assumes
OST to be the operational environment to which factory training should be
reaponﬁive, dificiencies in training can be inferred from difficulties
manifested by test personnel who were trained 1ﬁ the factory course, and by

CE  § ROV

interviews with them to solicit their opinions concerning the adequacy of

| £/

B j'vi_;‘/_" —.-._....,.;L;_.-.—'-‘A-'-'- .

their training. Judgments of training adéquacy made in this way are infer-

A |

ential only and should be considered tentative if only because they may be

-~

confounded with the effects of hardware problems occufring during OST.

i ATV

~wew:

For example, if design inadequacies are found that negate procedures learned
by personnel, the training may be downgraded when the adequacy of the hard-

¥ V3

ware is at fault.
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Questions of training program a‘zquacy must also be asked once the “ Ks
curriculum is established. No curriculum is entirely stable and as data 2
are fed back from the operational system (concerning the adequacy of personnel &
sent from schools to the operatioqal system) progressive refinements should Eg

{!’l

be made in the curriculum to bring it more closely into accord with

Lif

operational requirements.
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Each major modification should be evaluated. This can be done in either
of two wavs: (1) either the modification can be specifically and individually

o

-".' '.' '.
LAY

3

tested against the previous method (Resolution testing); or (2) the efficiency.

.

>

Aﬂowevet, in contrast to non-technical public education, it is most unusual
in system training for knowledges alone to be required of the trainee; he
almost always has to demonstrate in performance of some task the application
of any knowledge he' has acquired.

GO
[RE YU N ALy
.

-~y
L)

L=

59

i

&

1

4



‘ i . . ¢

".-
of the total training program (with the new modification incorporated) can o
be evaluated and compared against its previous efficiency (a form of ) ] Cj
Verification testing). In (1) a formal test is conducted with the previous B
method and the new one as comparison conditions. In (2) the modified .
curriculum is tested against data describing the performance of the previous '2
training program. The ideal situation is to follow both procedures, but this -
is rarely done; if any evaluation at all is performed of a modiffed curriculum, .é
evaluators usually follow the second procedure (to the extent that they
have data reflecting the previous program) and infer from the overall status ‘ :53
of the curriculum (i.e., the ultimate success or failure of its students, “
together with instructor judgments) whether or not the modification has been -
effective. v o
The effectiveness of 2 training system implies that what is taught is ﬁﬁ
actually relevant to operational tasks. This is of course a critical question -
but one which is not usually addressed in measurements of training efficiency. %:
~ Relevance is usually assumed or (less frequently) is evaluated on the basis -
of informal judgments. We consider this question to be related to the E;
concept of transfa:r of training and it will be considered later in that . -
context. §?
In order to evaluate a new training program properly n
| 5
a. Personnel performance standards related to operational tasks s
are needed, from which training measures can be developed. Many so called 'ig
standards (at least those used in military systems) are, in a performance
sense, not standards at all; they describe the knowledges needed for ;?
performance, but not the performance itself. Moreover, the standards =
referred to describe individual trainee performance only; there are no e
quantitstive performance standards that can be applied to the training c
program as a whole. -
b. A measurement setting is needed which realistically reproduces =
the demands of performing the job operationally. The evaluator cannot E;
ordinarily exercise the actual system fully in a training mode in ordgr to N
provide these conditions; the question therefore arises of how much less o
than complete system fidelity he can accept and still provide conditions =
reasonably representative of the operational situation. Xy
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If the criterion is performance on the Operaﬁional job the training
environment as a setting for training evaluation inherently lacks some
degree of validity. It follows therefore that training system efficiency
measured by student perforﬁance in the training environment should alwéys
be followed by testing the graduate input to the operational syatém. However,
this procedure crestes additional problems (to be explored later) and is rarely

implemented.

Training program adequacy obviously cannot be evaluated in a binary way:
yes, the program is efficient; no, it is not. All training programs are
almost certainly deficient in some respects which a sufficiently sensitive
measurement methodology would reveal. Lacking that, the measurement
should at least indicate the difficulties trainees have and the functions

in which they are most and least proficient.

2. Does performance transfer from the training environment (usually

the achool) to the operational job? How does that performance transfer?

The first question demands an operational study, specific to a particular
system, training program, types of personnel and mode of training. Tie ‘
second requires a research study focussed on determining the principles
by means of which transfer can be max.mized. 1In this discussion we shall
focus on the first question, not because the second one is unimportant,
but because there are already excellent treatments of the topic.

What do we mean by the phrase "transfer of training"? Traditionally&
transfer has been defined as the application of skills learned in one tasL
or in one context to learning of a second task (Hovland, 1951). Other definitions
are possible however. In the one which is of particular interest to PSM,
transfer refers to the extent to which the trainee can apply his skills
once learned to the operational job for which he was trained. There is
no contradiction between the customary definition and the one employed her
because almost always some additional learning of that job in the operational
environment is necessary (which suggests that no training program can be
completely efficient; if it were, the graduate would perform with maximum
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effectiveness as soon as he entered the job environment). What is transferred
is a skill learned In one environment (usually a school) to another environ-
ment, the operational one; the demands of the latter are usually gréater

than thos of the former. From the standpoint of evaluating a training
program the essential question is, can the trainee perform where it counts
" (however well he performs when tested in the school?). Studies verfr . »d

in the military indicate that many personnel are ihadequately preparec to

function in the operational environment (e.g., Steinemann et al., 1968).

If it is true that transfer depends on stimulus and response similarities
between the training and the operational environment, inadequate transfer
may result from the fact that the school does not provide stimulus-response
connections sufficiently similar to those of the operational system ( a
problem of fidelity). Or (less likely) the school may not have identified
the skills which should be taught. If either of these hypotheses is correct,
personnel trained in the job environment should perform more effectively
on that job than those receiving an equivalent amount of training in the
school environment. A test of this hypothesis would be to train one group
in a set of skills at school and compare jts performance with that of
anbther group (equated in capability) which learned the same skills for the
same length of time on the job. From an evaluational standpoint, however,
it is almost impossible to equate formal school time with informal (or even
formal) on-the-job observational and practice opportunities. For example,
the same instructors do not train both groups; indeed, the OJT group may

have no instructors (in a formal sense) at all.

To determine whether learned skills transfer from the school to the

operational environment it is necessary to

a. Compare the performance of 3chool graduates in Operations
with that of an aptitude-equated control group which has received an equal
amount (obviously not type) of training on the jot. This means measuring

two groups in two environments, the school and the operational system.
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b. Measure the performance of both groups in the operational
environment, either by setting up special evaluation tests (almost never
possible) or by measuring normal routine activities. In the latter case
chance variations between performance opportunities available to the

'different sets of subjects may confound results.

In actual practice the effectiveness of training as It transfers to the
operational job is almost always measured (when it is measured) in a non-
performance manner; for example, measuring the capabilities of operational
personnel by using paper and pencil knowledge tests (which assumes that
knowledge is equivalent to performance); or by the ubiquitous superviéiOry
ratings. The results of such testﬁ are then compared with some standard
(usually quite imprecise) of what performance should be. Training adequacy
is inferred as a function of the discrepancy between the standard and the

measured value.

Whatever the method used to evaluate operational performance, the results
of these evaluations ofter reflect dissatisfaction with personnel performance.
From the many complaints of performance inadequacy by supervisors (at least
in the militarys) it would be reasonable to infer that much training does
not transfer; and then of course the question to be answered is why, a question

that is answered by inv.stigation and not by formal test.

In oummarf, the general practice is that performance of operational systenms
is measured or (more usually) inferred and compared with an expectation of
vhat that performance should be; then, if there is a sizeable discrepancy,
as there often is, the training program is blamed. However, outside of
experimental research studies, no evaluation of training systems is very
systematic and based upoﬁ sound methodology. The exception is the evaluation
of the effectiveness of simulators (most often aircraft simulators); and
these are devices that implement a training program rather than the program

e cw_ &
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sﬂhether such complaints are equally prevalent in non-military systems is

not known. In commercial/industrial systems inadequate personnel can be
discharged; and many non-military systems (e.g., construction, transportation)
assume no respcusibility for training their personnel. In military and
social-benefit (e.g., Civil Service) systems it is much more difficult to

get rid of incompetents.
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itself. Formal measurements to determine how much has been transferred

from the school to the job are rarely ﬁade, because of the difficulties
already cited. Arrangements have been made in the military to provide
feedback from the operational system to the schools to suggest where training
deficiencies exist, but again this feedback is based largely on informal
impressions and has not generally been very vaiuable in upgrading’ttaining

quality.

Transfer in the traditional sense is also involved in the establishment

~of a curriculum. Ideally the curriculum developer arranges the sequencing

of tasks to be learned so that there is maximum transfer between part
tasks?(which come earlier in the training sequence) and the larger jobs
into which the part tasks f{it. However, this sequencing is almost never
based' on previous transfer measurement ( or even on principles derived from
transfer research); nor is there any attempt to measure the degree of

transfer involved between part and whole tasks in actual training proérams.

T?ansfer can also be used as a means of comparing the efficiency of
alterpative training modes, e.g., the increasingly common use of simulators
to reblace operational settings as the training context. Aircraft simulators
have ﬁeen used to replace many hours of actual flight tréining (NAVTRAEQUIPCEN, 1972).

_ Weapoﬁ ‘system simulators (e.g., sonar trainers) make it unnecessary to

T-exercise actual systems frequently and they also permit practice of

emergency procedures that would be very hazardous in actual operations.
What is transferred is again a skill developed in a particular training
environment (e.g., the simulator) to performance in the operational environ-

ment. In_this context question B2 implies the following three sub-questions:

a. Is a particular training environment (e.g., the simulator)
effective? ’

b. How much training in that environment will replace how much

training in the operational environment?

c. Are training environments of a general type (e.g., aircraft

simulators) effective?
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The first of these sub-questions is an operational one; the third, a
research question; the second can be answered either as an operational or
a research question or subsumed under (a) because any comparison of training

environments involves some amount of training given in each environment.-

The study design to answer these questions follows the paradigm of
traditional transfer of training designs. For example, the adequacybof '

an aircraft simulator can be determined using as shown in Table 2.

. Table 2. Study Design for Transfer of Training Studies

Group Training Environment Training Hours Performance Environment
Experimental Simulator N Air
Control - Alr ' N . . Air

The performance (criterion) environment is the air, vecause that is
where operaticnal flight occurs. The experimental group receives N houfs
of simulator training; the control group receives the same number of hours
learning and practicing the same tasks in the air. If the experimental
group performs as well in the criterion environment as does the control
group, one would be juétified in saying that the simulator was effective
and that N simulator hours have a training value equivalent to N hours

of flight training.

Variations are of r~ourse possible: one might compare N simulator hours
against N+3 hours in the air, in which case if the simulator were effective,
it would have more than equal training value compared to the operational
environment. Or the experimental group might receive N hours in the
simulator and P hours in the air, compared with a control group receiving

N+P hours in the air. Or one might compare a number of experimental

alternatives (e.g., N experimental groups) against a control.

This is of course only a very simple treatment of a very complex topic.

However if one asks only the specific questions: is the simulator effective,
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and to what extent, this treatment of the topic may be sufficient because ;; gf
one is not asking abcut explanatory (i.e., theoretical) mechanisms for B S?;
which a more complex research design is necessry. ;? §'
o — 4
These comparisons imply of course training on the same task content A '53 e
to the same performance standard, althougi obviously students in the different v g-
settings will not be trained in precisely the same manner. Whethei trainieg Y é
in one mode or environment is identical with that given in another is ) é; :
irrelevant, =s long as a specifiec criterion performance is demonstrated v
in the operational job. 'éi
. The ¢riterion of transfer is always performance in a relevant operational ES
job/environment. In some cases it may be difficult to measure criterion e
performance operationally because the operational system is not available Q}
to the investigator or'does not permit sufficient control. In those cases e
an intermediate environment (i.e., one similar to the operational one) may -
be used. For example, a sonar simulator might be used to substitute for o E; &2
an operational somar to evaluate the effectiveness of sonar technician - £
training (Mackie, 1978). Such ersatz situations do not however provide ‘ z; ;
a completely satisfactory answer to the questions raiseq in this section, : g‘ N
because they all differ from the operational environment to some extent. :f 5“:;
i g
In operational studies of trconsfer only the training environment and :E ;
the amount of training given in that environment need be varied. In research =g
studies of transfer other variables can be manipulated simulténeously, if, ‘ T
for example, the investigator wished to determine the interaction between ié
simulator training mode (e.g., variable task sequences) and amount of | .
transfer, he might subdivide his experimental group into two or more sub- ES
groups, depending on how many task sequences he wished to explore. Such
sophistication is not ordinarily found in operational transfer studies, tE
however, because it 1is unnecessary. -
| e
Subjects for transfer of training studies should ideally be equated =
on variables that affect their learning proficiency (e.g., intelligence, ' <
aptitude). This involves a degree of control that ie ordinarily difficult &
to achieve, if the subject population is small.
' g
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3. How do the effects of training in one mode or with one medium compare -
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with those of another mode or medium?

Examples of training mode are: ~classroom or programmed instruction;

of medium are: film or texts.6

This is a research question for two reasons: (a) training specialists
do not usually have the time, inclination dr money during their develop-
ment of a :rainihg program to answer this question; (b) the answers sought
are intended to be generalizable beydnd the immediate system. The question
arises because the information is needed if the developer is to construct
the most efficient curriculum (i.e., training personnel to required perform-
ance in the shortest ﬁime‘period and at the least cost) for a particular
purpose. To do this the developer must know whether programmed instruction
for example will train students to the same proficiency level in a shorter
time than conventional classroom instruction; if so, it makes sense to
select programmed instruction as the training method to be used. Unfortun-
ately there is no well established set of principies or data that permits
the training specialist to select rationally among his alternatives and in
consequence he makes his selection largely by feel. Hence the need for

research to develop these ﬁrinciples/data.

We touched upon this question briefly in discussing transfer, because
the transfer paradigm is ofteﬁ used fo study the questioa; the reader wili
recall as an example the simulator vs.'flight training. The trouble one
runs into in implementing this paradigm is that ideally all subject personnel
should receive the same training under both sets of conditions, thus avoiding
the necessity for equating subjects in different treatments; but since the
same atimulus inputs must be learned under both training conditions, learning

with the first medium or mode presented»mékes the second essentially jrrelevant.

6There is no generally accepted taxonomy of training modes/media, but obviously
the following (by no means exhaustive list) must be included: classroom
instruction, simulators, self-paced instruction, on-the-job training, etc. as
modes; computer assisted instruction, programmed texts, audio-visual devices,
motion picture film and video tape as media. It is of course possible to
subcategorize each of the above.
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Two groups must therefore be used, each receiving the same training with a
different mode/medium; but this means that the twp groups must be equated.

on variables that affect training efficiency. With a large enough population
this difficulty is not 6verly constraining. |

One could of course 1gnoreithe transfer féctor'completely and simply
train two equated groups of subjects with two media/modes to the same
training criterion (e.g., an accuracy score). Presumably that group which
learns more quickly has utilized a more efficient medium/mode. Such a
comparison, while easier to implement, is deficient, however, because there
is no guarantee that either group will perform satisfactorily in the
operational environment or that the group which performed less well in
training (and whose medium/mode might therefore be considered less efficient)

might not perform more effectively in the operational environment.

Since what the student learns must be related to some system context,

the specific nature of what is being trained reduces the generalizability

of this type of research and makes it necessary to repeat media/mode
comparisons with several types of training material to ensure the validity

and generalizability of resulting conclusions.

Because the training materials in such studies describe aspects of the
operating system, it is necessary to represent those aspects in the research.
This means employing a hardware\surrogate of the system (e.g., simulator,
mockup) as part of those training materials. Often however the representation
is purely symbolic (e.g.,’photographs, diagrams), particularly when knowledges
alone are being taught. Even with knowledges evaluation of training adequacy
requires some sort of performance demonstration. In measuring criterion
performance the actual system or a simulator (but only that unit relevant
to the skill being measured) must \be exercised.

Since the transfer research design involves a comparison, a performance

. standard is not absolutely required, but since a standard presumably exists,

the investigator will obviously be interested in determining which mode/medium
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. produces performance closer to that standard. It is necessary also to ensure i

) that what is learned (regardless of mode/medium utilized) is relevant to g

-. some operational job or jobs in general; if it is not, the study results 5

s will be essentially irrelevant also. For example, it is meaningless to ;

- compare two training modes in terms of ability to learn nonsense syllables, i

s _unlese nonsense syllables can be shown to be required in some operational f

= performance.

Py As in othér studies of transfer, the criterion performance measures

-~ should ideally be collected in the operational evnironment. Because it

: is difficult to follow school graduates to and to secure access to them in

- System Operations, this is not often done, and it is much more common for E

s researchers to use a surrogate such as a simulator or the actual system _ ' i"7
exercised in a quasi-operational manner, for example, flight performance by

on a special test range. These substitutes, vhile closely paralleling the

w g
gl‘ [ 24 )

operational environment , are not quite the same. Because of this it is

impossible to say with complete certainty that mode/medium A is better

than mode/medium B, although if the criterion performance test has been
carefully programmed the investigator can have a reasonable confidence
in his results.
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The trouble with training studies is that criterion performance is
influenced by so many variables: the nature of the training materials and

& the trainers; the amount and type of training given; its relevance to system
[ X

operations; where the performance is weasured, etc. Consequently any single
% study may present only a partial answer and that study must be validated
£

with other training materials, subjects, training methods, etc. before one

can reasonabie develop a general principle.

rove

AAOAY ~ RGBT 3 ARG
.

4. How faithfully must the training environment reproduce the operational

one?
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This is a question which for obvious reasons permeates all training;

[V H

a decision on this point is made every time a training program is developed,
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but almost always without substantive data as the basis for the decision.

In ccat terms alone it would be desirable to reduce operational fidelity
to a minimum, because complete fidelity (as seen in some elaborate
simulators), is horribly expensive. Question B4 leads to research rather
than to an operational study because the training program develbpet does
not have resources or time to pursue an answer specific to his program.
That answer has most generally been sought in connection with fidelity of
simulation, an entire literature on which has been created. Never-
theless, a definitive answer to the fidelity problem even as regards

simulation alone has never been established.

The reason for the question is obvious: maximum fidelity seems logical, if
one wishes maximum transfer, although some studies have shown that for certain
training situations maximum fidelity is unnecessary (Grimsley, 1969; Prophet and
Boyd, 1970). The nature of what is trained sppears critical to the amount of

fidelity required. Because of this the extent to which one can generaiize
fidelity relationships is limited.

This is a question in which the analysis of variables prior to conducting

the study is most important. Because of the large number of variables
that may impact training efficiency, it is critical to determine (or at
least to hypothesize) those stimulus-response dimensions for which fidelity
is most likely to be important. This permits the investigator to limit _
his research design to what can reasonably be studied. S .

Because question B4 relates to the operational environment, its study
design is basically a transfer design. The researcher compares groups
trained in environments or with materials of differing fidelity and tests
them in the operational (criterion) environment to determine which group
performs more effectively. The transfer studies described previously
are also inherently fidelity studies because the differences between the
operational and training environment are differences in fidelity. As in
other transfer studies performance in the operational setting is the crit-
erion; whatever dimensions and degrees of fidelity are associated with more
effective performance in that environment are assumed to be more effective

for training.
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Since what is trained derives from some system, it is necessary during
training to exercise that system (or its surroga:e).but_usually only for those
elements of interest to the study (e.g., displays); certain aspects of the
~system may be exercised only symbolically. This may create difficulties when
measuring criterion performance because in actual operations those elements
that are being specifically tested are embedded in other elements and cannot

be extracted in operational performance without undulyndistorting the system.

If the fidelity study is performed in the contexﬁ of actual system training,
it is possible to uncover information about those.system aspects that are
especially difficult for students; with which aspécts they are most likely to
make errors and the nature of those errors. This information may be used to

refine the training program around which the fidelity study has been conducted.

C. Questions Related to System Operations

1. How well do system personnel perform relative to requirements?

The results of OST determined that the system (1ﬁc1uding personnel) met its
performance requirements. This was the basis on which the system was accepted
by the customer. It is necessary, however, to continue evaluating the system
and its personnel throughout system life because both may change over time and
continuing operation; it is important, therefore, to determine on a continuing
or a periodic basis whether their performance still meets original requirements.
If it does not, some remedial action will be needed. (So far it has béen implied
that only the system changed, not the requirements. It is, however, possible

- for requirements to change even after the system has been developed and for a

system, therefore, to require re-verification.).

Tests to answer question Cl are to be considered Verification tests conducted
after the system becomes operational. There are three types of such Verificationm
tests:

a, Continuous system evaluation, the essential characteristic of which
is that measurements are taken continuously of normal, routine operations. For .
example, recording component scrap rate on a continuous basis. Some drivers

habitually record the gasoline consumption of their automobiles.
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b. Periodic system evaluation, which makes use of the same routine

operations noted in (1) but samples these on some basis (e.g., time, subsystem
or even personnei). Particularly important subsystems may be monitored more
frequently than less critical ones. An example would be to collect scrap
records sampling particular assembly lines, components, personnel or time
periods (e.g., 6-12 shift).

In continuous or periodic evaluations the system is not asked to perform

any exercises specially designated for measurement purposes. In

c. Special system evaluations, the system performs special exercises
which, although they may not differ from routine operations, are specifically
for evaluation purposes. For example, when an automobile is driven on a test
track to determine its gasoline consumption, the vehicle is driven more or less
as it is ordinarily, but the goal of the run is measurement. Other examples

of special system evaluations are military exercises (e.g., war game) and the OST.

The three types of sy: tem evaluation are not equally desirable. Continuous
evaluations are preferable; if these are ﬁot feasible because of cost, for
example; periodic evaluations are an acceptable substitute. Least desirable
is the special evaluation, because it is "one-shot" test and may be outmoded
by system changes and events. It may, therefore, be less valid than the other

two.

Cl is, of course, an operational question and the answer to the specific
question has no research implications (although see the last section of this
chapter). In order to answer the question the system must be exercised, of
course, but except for the special evaluation no non-routine operations must
be performed. All the investigator need do in continuous and periodic evaluations
is to establish the scope of the subject population (the system, or particular
subsystems to be measured) and the personnel performance measures he will apply
in the measurement.
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! Unfortunately, when data on system performance are routinely gathered under

‘ the contrql of personnel who are not behavioral speciaiists, the measures taken
are often -utput measures only, describing subsystem and system output and
ignoring personnel performance. Unless behavioral specialists are part of the
measurement team, it is unlikely that behévibral data will be gathered even .
when (as is often the case) personnel performance is required to conduct the

test.

An examplelis the collection of maintenance data in the Navy using the 3M
system, the focus of which is on descfiption of the failure rather than on the
performance of the technician who corrects the failure (Williams and Malone, 1978).
In production systems scrap rate is gathered rather than data on errors made
by production workers. Admittedly it is much easier to collect hardware data

than personnel data because hardware outputs derive more or less automatically

o
i
&

from system operations whereas personnel actions require a deliberate effort

v e
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at data collection.

-
.I

L Ax ]
kY

Because the purpose of the tests is simply to compare performance against
a requirement, (although if they have Been performed previously, it is also
possible to compare present against previous performance, so that one can
derive trend data), no manipulation of variables is necessary. No sophisticated
study design need, therefore, be established (although a statistical aesign for
data analysis is a prerequisite). Since,except for the special system evaluation
{and even then only rarely) system operations are not modified, no selection
of Personnel or their assignment to treatment conditions is necessary (or
usu#lly possible). The entire system is, of course, exercised but the parti-
cul%r aspects of those system operations to be selected for measurement (e.g.,
a pafticular subsystem, functions, etc.) depends on the investigator's interests.
Obviously these evaluations cannot be performed without precisely described
quant{itative standards. It is possible to gather data without such standards,
but the end result is not an evaluation but simply the gathering of descriptive

normative data.

Some of the difficulties that confront the PSM investigator in undertaking
system operations were noted earlier and need not be repeated here. The major
problem in interpreting the results is that of relating behavioral measures

such as task accomplishment and task response time to system outputs which are
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non-behavioral. The difficulty can be related tb the distinction which can Ee
made between process and product measures where product is the output of process.
Process measures can be roughly cquated with behavioral measures; product
measures, with system outputs. By the chronology of the situation, behavioral
measures precede output measures. Behavioral measures describe tasks; many
~ tasks may have to be performed to achieve a single output. How then do we
correlate a multiplicity of behavioral measures with a single (or relatively
few) system outputs? (Statistically this may present no problems, but the
logic of the relationships found may be unclear even when statistically
identified.) If there were only a single task, one could discern a consistent
relationship with the output; but with multiple tasks, each of which may have

several measures, the interpretation of the correlation is confusing at best.

2. 1Is the system ready to perform as required?

Some systems, especially (but not exclusively) military ones, do not exercise
ail their functions on a continuing basis. Cer{iin functions like emergency ones
are performed only rarely and rcutine functions only occasionally. For example,
Naval ships engage in cruises only periodically. In the civilian sector,
agencies dedicated to emergency functions (e.g., civil disaster, hospital
emergency rooms) fortunately have the opportunity to exercise those functions

only rarely.

_ Such functions are difficult to evaluate on a continuous basis. It is
. necessary, therefore, to determine whether the system is ready to perform those
functions when called upon. TFor example, prior to the time they start a cruise

Naval vessels are required to demonstrate their operational readiness.

Tests to answer question C2 have much in common with system verification
testing, because one must determine whether the system can pefform in accordance
with requirements. The difference between Operational Readiness Testing (ORT)
and other verification tests like OST is that the investigator may be required
to conduct his measurements without exercising the system operationally. The

results must then be extrapolated to the operational (untested) situation.
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There are two ways of performing ORT:

a. One can atteﬁpt to simulate the functions that cannot be operationally
exercised. For example, Civil Defense calls disaster drills in which simulated

victims are bandaged and rushed to emergency rooms. Most weapon system mission

be performed without hazard to participants (e.g., the introduction of simulated
malfunctions). The military performs combat exercises in which their units
"play" at combat. It is possible to carry the war game simulation even further
by abstracting the purely intellectual (decision making) featurcs of combat
functions and performing these symbolically. An example are the computer-
assisted war games played at military institutes. -In a manual form these have
even entered civilian life in the form of games in which one "re-plays"

i
simulators permit exercise of combat and emergency functions that cannot actually
i historic battles.

b. Another alternative is to measure the performance of functions

related to the non-performed functions and to extrapolate the results to the

latter.

Suppose, for example, one wished to evaluate the operational readiness
of an air surveillance system for combat; one might assume that system performance
in routinely detecting and tracking fly-overs of friendly aircraft would be
representative of the way in which it would perform in combat. '

Or in the hospital emergency room one might measure perfor-mance as a
function of peak load (e.g., Saturday night victims) and extrapolate to potential

larger disasters.

The assumption of a relationship between routine (customary) and non-
routine (e.g., emergency, combat) activities is very risky, however, and this
procedure, if followed, should be used with great caution, because there may
be major differences between responses to routine and non-routine activities.
For example, the Navy assesses the operational readiness of its ships partly
on the basis that the correct number of personnel with the required ratings
for running the ship are available.
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Evaluation for the determination of operational readiness involves a
prediction based on thekextrapolation of data (to a certain extent this is
true of all verification tests, particularly OST, but it is especially marked
in ORT). What is being predicted is the probability that the system (including
its personnei) will perform in accordancé with system requifements at some
future time. That time period is of some consequence; it is easier to predict
immediately future performance rather than events to occur much later.

Prediction implies that some validation of the prediction will be made (i.e.,

that system performance will be measured at a later time to Verify the prediction's -

accuracy), but this validation is rarely performed.

Question C2 obviously requires an operational study, but there is a
research relationship also, since there is a great need to develop a more
effective methodology for answering the question. In particular a model is
needed which describes the elements entering into the prediction and the way
they interrelate.

As an operational study whose data are applicable to a particular
gsystem, ORT results are not very generalizable, although the model referred
to in the previous paragraph, if validated, would be highly generalizatle.
As 1n other system verification tests no variable manipulation is required,
although the model would include certain variables wﬁich could be exercised
under different conditions. For example, to develop a prediction of an Army

unit's performance it is necessary to consider geography as one determinant

of its mission scenario. Alternative operational modes must also be considered:

for example, a naval vessel may have, depending on circumstances, the responsi-
bility of interdicting commerce, acting as convoy protection or as a strike

force.

Although ORT involves prediction, it must be solidly based on empirical
data gathered in the present. This is one of the major failings of ORT in
the military. Many of their operational readiness measures are highly
subjective (e.g., ratings) and unsystematically gathered, although based on
observed performance. Because military raters are not well trained to make
evaluations, the ratings may not be very valid. Moreover, the necessity for
putting the best light on the evaluation results may bias the ratér to produce
falsely positive conclusions.
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3. How can a problem arising from system verification be solved?

If persbnnel performance has been shown by a Verification test to be
inadequate (i.e., the results do not satisfy system requirements), the cause
of the inadequacy must be determined, so that a solution can be found. Since
performance deficiencies are often found as a result of testing (although
system managers may feel that most of these do not render the system inoperable),

this phase of measurement is quite common.

The reader may feel that the investigation of a problem is not measurement,
since in many cases it does not involve formal testing or quantitative measures.
In our viewpoint, however, it is a special form of measurement because the
effort to discover the cause of a deficiency 1s a deliberate one; because it
utilizes special measuring instruments (see below); and because it does produce
data, although the data may be produced informally and in uon-quantitative form.
A more important reason is that action-oriented measurement (which PSM definitely
13) is not complefe if the system has inadequacies, the causes of which are not
yet determined. : '

Of course, not every inadequacy receives--or needs to receive--~the same
degree of investigative attention. The first step following data analysis
which suggests an inadequacy is determination of its criticality (to system
functioning/output); many inadequacies deserve short shrift or minor attention
because of their relative lack of importance (see Peters and Hall, 1963). For
example, the mislabeling of a control may‘be reported as a discrepapcy, but is

is usually analytic based on the consequences to the system if the inadequacy

is not remedied. Those of greater consequence stimulate investigative measurement.

The problem is to set a standard as to what constitutes a critical prculem.
Here we deal with biases--those of the behavioral specialist who is likely to
consider all inadequacies as deserving of maximum investigative effort; those
of engineering or system managers who are likely to feel that the human can
overcome all problems (and, therefore, nothing need be done). The manager's
bias is likely to be more potent in a conflict of this sort.

Investigative measurement is operational and very specific, hence not

generalizable, nor intended to be. It obviously requires no manipulation of .

77

"usually handled by simply relabeling the rontrol. The assessment of criticality
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variables, nor need the system be exercised, except where a major system
problem has been unearthed. By its very nature this type of investigation

is quitévinforﬁal. Performance.standards are implicit in the investigation;

it was failure to achieve standard that initiated the investigation; but no
action regarding the standard is needed unless the investigator suggests

that the standard is ﬁoo stingent. Nor is measﬁrement design required,

except possibly a strategy for conducting the_investigation. The measurement
methods utilized are of great importance, however, for two reasons: (a) they
must be tailored to a very specific question and (b) investigative difficulties

are much greater than those found in any of the previously described tests.

Such methods may include any of the following:

a. Examination of test data, records, operating procedﬁres and technical
manuals to determine exactly what happened.
‘ |
b. Interviews with the personnel whose inadequate performance caused
the investigation and/or with their supervisors. (This method ﬁs by far the
mogst commonm.) }
|
¢. Questionnaires and rating scales given to test persbnnel.
' ' |
: . _
d. Special tests of knowledge/skill (almost always in pape: and

pencil form). E

e.  Inspection of the equipment (particularly its human engineering

characteristics) 1nvolved in the test performance.

f. 1f possible, reproduction by the test personnel of their previously
inadequate performance. (This is often not possible if it requires re-exercising

a major part of the system.)

This last is most desirable. In some major systems (e.g., the AEGIS computer-
controlled missile system) a formal investigation may be conducted in special
laboratory facilities in which the variables potentially responsible for the
inadequate performance can be manipulated. Unfortunately, for financial, timQ\

or logistical reasons, this alternative is rarely invoked.
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In most investigations the emphasis is not on hardware but on the individuals
involved in the performance; the effort is to elicit from their statements why
their performance deviated from that required. The process suggests a form of
crininal favestigation which, like the investigation of a crime, becomes highly

molecular; the focus of attention may be a single operator or a single performance.

Often the development of the appropriate investigative strategy and methods
is more complex then the measurement that led to the investigation. It is much
more difficult to deterrine why an event or phenorenon exists than simply to
record its existence. (We do not consider tbeory-making here; problem solution
goes beyond the construction of hypotheses since it must lead to some remedial
action.) The specific questiuns asked 1- st be specially tailored to the problem
as it appears from the initial test data. For example, interview questions
must be phrased with great subtlety to elicit the clues that will reveal the
cause of the inadequacy. Investigations to discover the cause of anything must
by their nature be indirect, which increases the difficulty of solving the
problem. Because test personnel are sensitive to any c;iticism of their

performance, any investigation which implies inadequacy must tread a very

narrow line.

It is unlikely that the cause of an inadequacy in an operational system can
be discovered by controlled experimentation in a laboratory environment, since
the locus of the actions that led to the inadequacy is in the system exercise.
(However, a potential solution may be tried out in a simulator before being
introduced cperationally.) Moreover, the time réquired to set up a controlled
experimental situation is often prohibitively lengthy and the preséhre to
eliminate the difficulty is very pressing.

Problem solution measurement has the greatest degree of uncertainty associated
~with 1t. In other measurements one can be certain of securing some data, what-
ever the quality of those data; in causal investigations, hcwever, there is no
guarantee that the investigator will wind up with anyphing except egg on his

face at the conclusion of the investigation.
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4. How does a new system configuration compare with the o0ld?

As has been pointed out, the system is not necessarily static during its
5, 10, or 20 year life. New methods or new equipment may be introducted to
modernize it or to improve its efficiency. From this may arise the need td
test the effectiveness of the new equipment or procedure. In a sense, at this
point the system reverts to its original untried developmental state {at least
with regard to the new equipment or procedure) and must be reverified.
Consequently the system must perform a Resolution/Verification test--only this

time in terms of a comparison between the new equipment/procedure and the old.

The aim is to demonstrate that the new eaquipment/procedure not only satisfies

system requirements but works better than the old.

All Resolution testing is comparative. There are, however, several ways
system comparisons can be made: (1) a formal test of the new and old
configurations; (2) the new configuration only is tested and the comparison is
with the old configuration's past performance, represented either'by historical
data or the impression system personnel bhave of how well the old configuration
performed. Procedure (2) may be performed either formally or 1nformally.‘,The
latter is most common; the new configuration is simply adopted into system
operations; but even here a ccmparison is implicit, because the new will not

be retained unless it is at least as effective a- the old.

Question C4 is purely operational and as such has little potential for
generalizing to systems other than the une conccined (although again see the
subsequent section of this chapter). The study must be performed with the
actual configuration (or a surrogate, such as a highly realistic simulator).
Like other operational studies there is no nead to manipulate varisbles,
although if both configurations are teste”. tlere are two treatments. If a
formal comparison test 1is performed, it is necessary to ensure that the conditions
under which the new equipment/procedure is exercised are the same as those with
which the old was utilized. Otherwise test results will be spuriously slunted
one way or another. This should pose no real difficulty if the mission and
environment in which the new configuration is to be utilized have not changed
significantly. Among the conditions to be examined is the nature of system
personnel under test; if personnel have changed drastically since the previous

configuration was operated, the comparison may be invalid.
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The formal test design, like that of other Resolution tests, is essentially
a comparative one. Unless other variables are inherent in the manner in which
the equipment/procedure will be used, no more sophisticated design heed be
attempted. Because the test is a comparative one, theoretically no ﬁerformance
standard is necessary, but the new configuration must meet system requirements.
Where formal personnel/system requirements do not exist, data on the performance
of the previous configuration may serve as an implicit standard. In the test
of the Launch Vehicle Assault craft referred to in a previous chapter, performance
of the new prototype was calculated relative to performance of its predecessor

craft, LVTP-7.

As in all operational tests, it is possible to secure informatibn fortuitously,
such as the difficulties personnel experience in utilizing the new equibment or
procedure (if these difficulties are substantial, chey will obviously affect the
basic test results negatively); conditions (situations) that may negatively
affect the efficiency of the new configuration; estimates of the skill demands

levied on the personnel by the new configutafion; etc.

D. Questions Relative to Maintenance

1. How do technicians perform diagnostic maintenance?
All equipments, no matter how well designel, ultimately fail; most equipments

fail repeatedly during their service life. The availability of the system (defined

_ system downtime
in terms of the equation 1 Tission time

equipment can be restored to operating status. Performance degradation resulting
from operating difficulties (i.e., the operator's inability to operate the
equipment efficiently) rarely stops the system from functioning, although it may

) depends on how quickly a failed

reduce its efficiency (e.g., range, accuracy, etc.). In contrast, failure to
restore a malfunctioning equipment will often shut the system down. From that
standpoint, there is more utility if the behavioral researcher concentrates on

maintenance than if he focusses on operations.

The emphasis in this question is on diagnostic maintehance, i.e., the
strategies and actions required of personnel to resolve equipment malfunctions.
This is not to say that prevertive maintenance (PM) 1is not important, but in

comparison with the problems associated with remove/replace/repair activitizs,
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PM bulks rather small. The synonyms for PM (routine, scheduled) seggest why = ‘3%
this is so: if one can schedule PM, one can specify most if not all the actions -— oo
required; one can find the most effective actions and more readily train personnel R 3
to perform them. » ) Y
. / : N
In contrast, because equipment stoppages are difficult to anticipate and »,L\A'\\
when they occur may result from any of a bewildering array of component failures, T
it is not easy to specify the actions needed to localize the precise component " N .
responsible for the failure. Diagnostic maintenance (troubleshooting) is é? \\{
P *

largely a cognitive process, although other capabilities (e.g., the ability to
visually discriminate worn or poorly fabricated parts, to visualize mentally . Sy
the spatial relationships among components, to follow complex instructions and .

to perform with manual dexterity) undcubtedly play their part. Troubleshooting

L
Lt

is, however, above all else a deductive and inductive process; deductive in
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the sense of inferring from a set of symptoms or status conditions what has
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gone wrong; inductive in the sense of the technician's applying his previous

N

diagnostic experience to develop a maintenance strategy.
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Indeed, it is because the diagnostic procedures performed are in many cases

idiosyncratic, because some technicians are much more successful than others in o
corrective maintenance, that question D1 arises; if one can describe the pro- o
cesses developed by successful troubleshooters, one might be able to teach =
others to use the same procedures. ;5

Since maintenance is performed during system operations, answers to D1 are =

»
A TS g s 4 e —— 4 ety = - =
oo T e

hnd & ¢

most pertinent to that phase of svsiem 1life; but if one learned how successful

technicians perform maintenance, it should be possible to design into equipment

.
LN

those features they make use of. Answers to D1, therefore, have great generaliza-

bility, not only to design but as much--if not more--to the training given KE }f
maintenance personnel. = ;
Research on diagnostic maintenance processes involves three types of variables if f
and hence the manipulation of those variables. These are: equipment characteristics . 3

(e.g., the number of components, their hierarchical relationships and interrela- ;: :,
tionships—-how a fault in one component influences the state of others——the ?
availability of built-in test equipment (BITE) or test points); technician : :i
characteristics (e.g., intelligence and aptitude, the amount and type of :'
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diagnostic training and experience the technician has, the strategy he typically
employs); and external factors (e.g., the availability of job performance aids

such as troubleshooting tables, computer aids, the adequacy of technical data
such as manuals, failurc probability charts, etc., tools and specialized test
equipment).
mode.

At one time or another each of these has been varied in a research

Although the effect of downtime on system capability is massive, the technician
working to restore a failed equipment usually confines his attention to that
equipment; he does not ordinarily exercise the full system of which the failed
equipment is only a part, except to test the functioning of the equipment, once
it has been apparently repaired. In research on troubleshooting processes, the
level at which the research is directed is almost always the equipment or a
module of that equipment; occasionally circuits. In contrast to equipment and
system operation which is heavily‘team-otiented, corrective maintenance is
largely individual-oriented. This does not mean that teams of maintenance per-
sonnel are not required during cofrective maintenance activity (e.g., one man
to read a computer diagnostic prt ntout, while the other removes and replaces
components); but since the troublgshooting process is largely cognitive it 1s
likely to be concentrated in one Kpresumably the most proficient) man. Research
on troubleshooting processes is, Fherefore, directed mostly at individuals.

(Why then are system—oriented 1nvéstigators 80 concerned with corrective
maintenance? Because 1its impact on the system and the effect of the system

on it are so great.)

Research on diagnostic processes may be either normative or experimental.
Early research was normative: to determine what the maintenance technician
did, and thus to find what variables should be investigated experimentally.
Thus, in the initial studies performed by Grings et al. (1953) personnel rode
Navy ships and observed what technicians did; they asked technicians to keep
diaries or to fill out questionnaires. More structured research has involved
controlled situations in which faults were inserted into equipment and technicians
were asked to find these; or troubleshooting characteristics were abstracted
and put into the form of paper-and-pencil tests (e.g., tﬁe Tab Test, Damrin
and Saupe, 1954); or simulators were developed in which the troubleshooting
process could be reproduced without requiring operational equipment (Bryan et al.,

1954).
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Because the trohbleshooting process is highly idiosyncratic, it isrdiffi-
cult to incorporate a performance standard in research on that process. In
actual maintenance operations therc Is, ol course, a peffurmance standard which
is usually defined as mcan-time-to-repair (MTTR). However, MTTR is only an
average and somewhat faster or slower performance are acceptable. MIIR is,
‘however, not generally utilized in troubleshooting research because the emphasié

is on process rather than output.

Corrective maintenance performance has usually been measured by (1) the time
taken to find the malfunctioning component; (2) the number of diagnostic checks
made (which obviously influences time); (3) the sequence in which checks are
made (whether this is systematic, based on failure probabilities, circuit logic,
the effort involved in checking, etc.; or random); (4) ultimate success (whether
the fault is finaliy found or the technician admitts defeat. The experimental
designs used in controlled studies of diagnostic maintenance do not differ in
any significant way from that used with other research topics. For example,
two groups of subjects equated in terms of some relevant background variable
(e.g., experience) may be given two different types of pre-maintenance training
and then tested on a standard set of problems; or the problems presented may
differ based on vat;ations in some set of dimensions considered possibly important

to troubleshooting success.

Two major difficulties have been encountered in performing troubleshooting

_research: lack of success in concretely conceptualizing the dimensions and factors

involved in troubleshooting; and problems of simulating the diagnostic processes
under controlled conditions. Since the process is largely covert, it is difficult
to elicit from technicians the factors résponsible for their behavior. If the
process were not so complex, this difficulty might not bulk so large.

Various attempts have been made to simulate the process. At one time actual
equipments were brought into the laboratory and specific faults were then
deliberately inserted which subjects were then asked to find. However, it was
difficult to control fault insertions; it was found that the insertion of a
failed component so often produced a correlated fault in another component that
the stimulus condition the subject was responding to was unclear. Maintenance
simulators have been developed (Bryan et al., op cit.) but all of them seem to

leave out some critical elements of the corrective maintenance situation.

‘ " ".
o,

A ) VAPPSR ) TAN

»l

puicet

S BN (!

¥ L ICEREAY ] AR
BRI S B

Y

PR
l'-‘c_.l':

e

-

o ey
Kok

b

- .

e v e gy s -
% .
¢--_'-r---a.l_lP o

.
=

KIS | WCRTARNTRENURLRNL  J Slahi it PRI




LI e ade ui salld

~

Likewise, efforts have been made to abstract the essential features of the
diagnostic process, but in actual practice the process is so complex that

analogues of the process are again suspect as not including all relevent

features.

2. MHow efficient is diagnostic maintenance?

The system has ma! -nance as well as operating requirements; the former
are phrased as HTTR's (referred to previously). In order to maintain a
specified level of system availability it ié necessary that some percentage
(often 90 percent) of subsystem maintenance be perfcrmed within the specified
MITR. The system's ability to meet this requirement depends a.most exclusively
on the technician's capability; time to restore the equipment to operational
status is affected'by non-diagnostic factors, i.e., administrative downtime
(e.g., time to secure replacement components; time to transport technicians
to the equipment to be maintained; time to write rgports) but the impact of
these non—diaghostic factors is r:l:tively slight compared to that determined

by the technician's capability.

In the same way that any operating requirement must be verified, 8o must
the system's ability to meet specified MITR's. MITR data are usually collected
during major developmentalvtests during which equipments fail; and a requirement
for verifying MITR will be a major element in the OST. During routine system
operations repair time may also be routinely collected (e.g., the Air Force's
66-1 data collection method) to determine whether the system is retaining its
ability to perform to maintenance requirements. The emphasis in operational
maintenance data is on restore time; operational personnel are uninterested in
the diagnostic process as long as MTTR requirements are satisfied; they become

interested in the process only when the requirement is failed.

The determination that a MTTR requirement in a particular system is or is
not being satisfied is not usually generalizable; however, a long or short MTIR
may be associated with a particular type of system design (e.g., BITE), but
this information is very gross.

In the operational study of maintenance (i.e., the verification through

demonstration that MTTR requirements are satisfied) variables are not manipulated.
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Moreover, the troubleshooting function is among the few'operational system
functions for which no special arrangements need be made in order to collect
appropriate data (provided sufficient time for collecting those data is
provided; if too short a time is allotted, it may be necessary to schedule
special tests in which faults are inserted and must be found). Since trouble-
shooting is purely a contingency activity, it is necessary only that the system
be exercised in an operational manner and that the necessary instructions/forms
for reporting be provided in order to collect the desired data. The responsi-
bility for recprding and transmitting maintenance data during routine operétions
belongs to the technician; this creates certain difficulties which will be
discussed later. During Verification tests like OST maintenance data may be
recorded by special observers, but the data collection process cannot be
allowed to interfere with the process. Since the troubleshooting process is

so covert, the observer may experience difficulties in securing more sensitive
data than MTTR.

As indicated previously, the technician works only with those elements of
the system that are affected by the malfunction. At the apparently successful
conclusion of the troubleshooting a system checkout is performed to verify the
correctness of the maintenance process, but this will -isually 1nv61ve only the

next higher level of the Subsystem in wvhich the failure has occurred.

Time is the primary measure employed and the MITR requirement is the only
performance standard utilized. 1In special research tests an observer may report
the sequence of diagnostic checks made and any difficulties the technician

encounters.

Some of the problems encountered in attempting to determine whether techni-
clans are satisfying MTTR standards have already been suggested. When a
maintenance data collection system is left to the discretion of the individual
technician (as is the case with 3M and 66-1) the latter may "fudge" his figures
in order to create a better or worse impression than reality suggests. (Better
to look good or avoid difficulties with a supervisor; worse if he needs replace-
ment components and the basis on which these are issued is a failed component.)
Restore times may be arbitrarily increased to cover non-systea related activities
(like drinking coffee) or else reduced to ensure that MTTR's are met. Some
data may be missing because technicians are reluctant io f111l out the required
forms (Williams and Malone, op cit.).
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The researcher who wishes to make use of operational records to test
hypotheses about troubleshooting may find that the special data he is interested
in are not being reported by standard reporting mechanisms. The nature of
symptoms is usually not reported fully; the sequence of checks is not reported
at all (because the reporting system does not require this information). The
actual cause of the failure (as distinct from the name of the failed component)
may not be reported, either because the technician does not know it, or dislikeé‘
reporting in such detail.

Because of the factors reported in the previous paragraph, it is difficult
to say what additional information (beyond a suspect restore time) can be
secured from a standard reporting method. Under ideal circumstances (these
can be found only in highly controlled situations) the following may be
determined: (1) restore time; (2) description of failure syﬁptoms; (3) failed
component; (4) failure cause. Practically speaking, only the first item'can
be secured with any certainty. If the iunvestigator utilizes observation and
interview methods to secure the data he wishes, all four preceding data items
can be secured, as well as the sequence of checks made, the sources of
difficulty experienced by technicians, the impact of administrative downtime,
etc. But such a personal data collection methodology makes almost -impossible

time/effort demands on the investigator.

Research Implications of PSM Tests

In this section we will discuss the research data that can be provided by
Exploratory, Resolution and Verification tests. These are tests designed to
provide answers to specific developmental aqd operational questions and their
data are highly specific. We need nof deal with those PSM studies that are
specifically research-oriented, since these should (if performed correctly)

provide generalizable data.

Why should anyone be concerned about the research consequences of operational
PSM tests, since their specificity would appear to reduce their research utility?
These tests'have, however, one thing laboratory or simulation studies cannot
provide, that is, they permit us to see how operational systems function under
the actual operating conditions. Since we have little data on and know less
about how operational systems function, these PSM tests afford an unparalleled--
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literally--opportunity to collect such data. To make such observations requires
the application of naturalistic data gathering methods (which are primarily
observational) to the mannedvsystem in somewhat the same way that such methods
are used in animal observation in comparative psychology and ethology. Ti:e
application of naturalistic methods to the analysis of systems can be much

more effective than in comparative psychology, however, since the observer can

make use also of available system records and interviews with system persohnel.

Before exploring the kind of data we can secure from such tests, we should
clarify the usual objection to research data collection in the field, i.e.,
lack of control. Control éermitting the collection of research data does exist
in the operational environment, but it is not control in the CE sense, which
is accomplished by arrangement of contraéting groups. Control in the cpera-

tional system is exercised by ensuring coanformance to the mission scenario

which implies operational equipment, operational personnel and operational
procédures. As long as the system functions in conformance to that scenario,
the human responses and system outputs it produces (which are recorded as data)
are inherently valid. This control cannot be used to test hypotheses but can
be used to assure validity. In naturalistic studies hypotheses can be tested

(to some extent) by arranging the data produced by these studies.,

The kinds of research questions that can be answered from operational PSM

tests include the following, which are only exemplary:

1. System Performance

The general question is how does the manned system function in the

operational environment? More specifically:
a. What variables appear to be exercised in the operational system?
b. How effectively do the systems perform their missions?

¢. How effectively do system personnel perform their functions; how

do they contribute to the system output?

d. What external/internal inputs tend to have greatest effect on

system functioning?

''''''''''''''''
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e. What inputs/events (if any) tend to interfere with and degrade

mission completion?

f. To what extent do systems ordinarily deviate from their specified

mission scenario?

g. What are the major observable inputs to and events of system

functioning and how do these interrelate with each other and the system output?

h. What problems arise (other than equipment malfunction) that result

in incomplete performance of functions or poor quality outputs?

These questions can be asked about the system as a whole or about individual
functions or subsystems, e.g., equipment operation; equipment maintenance;

logistics, etc.

2. .Equipment Mzintenance

With regard to maintenance functions, the following questions can be asked:
a. How successful is troubl;shooting generally?
b. What strategies do maintenance men generally employ in troubleshooting?
c. -What behavioral problems generally arise in troubleshooting?
‘d. How does maintenance quality affect system outputs?

3. Training

One can also observe the training program, but here the focus of interest

would be in the transfer process, for example:
a. How much gets transferred from school to the operational job?

b. Which skills seem to transfer most readily/least readily?
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¢. When transfer has failed, what seems to have caused the failure?
Answers to training questions are inherently more difficult to secure than
the previous ones, because transfer questions require observation of two

environments, the training environment and the operational one.

Naturalistic daﬁa’can be most readily gathered in Vérification tests, both

special tests and those involving routine system operations, because such data

require performance of the entire mission scenario. In special tests (e.g.,
OST) the degree of control may be somewhat greater than in routine operations
because the focus of attention is directed specifically at data gathering.
However, special tests, no matter how faithful to the operational model, are

probably somewhat artificial simply because they are special (i.e., non-normal).

Some data bearing on system development can be secured from Exploratory
and Resolution tests, but the fact that these tests deal primarily with
segments or individual functions of the total system and its mission reduces
their value. It may be more productive'to treat the entire system development
process as a system in its own right and to ask of it the same performance
questions (item 1 above) but this time focussing on Human Factors efforts as

- a subsystem of the system development system.

It may appear because of the specificity of the data secured from the
various PSM tests that generalizable conclusions cannot be achieved. Although
we deal in each case with specific systems functioning in specific ways, there
are presumably commonalities among systems or characteristics of systems (e.g.,
similar structures, information processing channels and processes, etc.) that
can be teased out and about which pertinent data can be secured. To discern
such commonalities requires some scrt of theoretical framework because these
commonalities are abstractions. However, even in the absence of such a frame-
work data can be gathered that will perhaps help to develop the framework.

Framework and data are mutually interactive and supportive.

The author wishes to suggest that although operational PSM tests are designed
to answer specific questions, their results can be used for research purposes,
provided that a conceptual framework for collecting and analyzing their data
has been developed. Along with principles that can be generalized to systems
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as whole, PSM naturalistic data can be used to develop a normative data bank.
A data bank describing what? That depends on the questions one wishes to ask,

e.g., the frequency of errors of a particular type; the type and frequency of

personnel interactions; etc.

-,

It is probably a cliche to say that the first task of a science is to
examine naturalistically the phenomena which are its subject matter. Since
we say that the manned system is the subject matter of Human Factors, it is

incumbent upon us to examine that system as it functions in its normal operating

environment.
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CHAPTER FIVE
SYSTEM THEORY

in order to perform useful research on manned systems one must have a
theoretical structure that deals specifically with such systems. Such a

framework should include:

(1) Ways of differentiating types of systems, i.e., a taxonomy.

(2) Description of system parameters, i.e., system elements and character-

istics.

(3) Hypotheses about how system parameters interact with eacﬁ other to

" affect the system output.

Such a framevork m*ght be used to: (a) describe and classify systems in
terms of personnel/system relationships; (b) derive hypotheses about the effects
of these relationships which can then be looked for in operational systems and/or
studied experimentally; (c) compare existing systems with those proposed for new

development.

No such theoretical structure at the system level exists. At more molecular
. levels we have theories that deal with individual functions such as signal de-
tection (Tanner and Swets, (1953)) and vigilance (see Buckner and McGrath (1963)).
These are however not system theories (explaining how personnel function in re-

lation to the system) but theories about personnel as individuals.

Miller (1978) has'attempted to develop a comprehensive theoretical structure
about living organisms as systems and suggests many hypotheses that could be used
as a starting point for the construction of hypotheses specifically tied to manned

systems. Miller's framework encompasses individuals, groups and organizations

but unfortunately not the manned system.
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In this chapter we examine some very tentative concepts about how manned

>l

systemg function.

The first step is to taxonomize the various types of manned*?ystc
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. sttem Types

A major distinction is between military and non-military systems.

No less

important however is the distinction between the commercial/industrial and

social-benefit systems that make up the non-military category.

of system types is shown in Table 3.

The classification

All are manned systems, some being what

we customarily think of as man-machine systéms (e.y., fighters, tanks), cthers

what are termed ofganizations, e.g.; armies, industries.

The system types vary

also in their degree of mechanization, the social-benefit systems, for example,

being somewhat less hardware-dependent and hardware-sophisticated than the others.

Table 3.

Types of Systems

Military

Commercial/Industrial

Social-Benefit

1. Military organizations
(e.g., armies, navies, air
divisions)

2. Weapons systems (e.g.,
fighters, tanks, destroyers)

3. Support subsystems
(e.g., medical, logistics, .
maintenance, transport,
ete.) ’

1. System/product devel-
opers (e.g., automobile
manufacturers, soap pro-
ducers)

2. Support industries
{e.g., mining, steel
mills)

3. Consumer service
industries (e.g., car
rental, air lines)

4. Individual commerciai

systems (e.g., automobile,
truck, ship)

1. Governmental
control systems
(e.g., legislative,
police, welfare)

2. Consumer ser-
vice utilities,
(e.g., power plants,
water distribution
systems)

Notwithstanding the distinctions made in Table 3, the identities among

the system types are striking. On a general level, all possess the essential

features of manned systems. (1) All have a goal: to exert force upon an enemy;
to design or sell an automobile; to provide welfare or electric power. (2) Al
are designed (more or less deliberately) to satisfy requirements to which person-
nel must conform. (3) All proceed through a process of development, although
that development may vary in complexity; the more novel the system, the more
elaborate its development. (4) All possess an organizational structure involving

some gjort of hierarchy of system lev-2ls, i.e., operator/team, subsystem/system.
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(5) All have functions that are differentiated and specialized. (6) All
(including social-benefit systems) have a primary component which accomplishes
the system goal and a component which supports it by supplying tools, logistics,
means of production, computer services, etc. (7) Commercial/indus;rial facil-
ities develop the hardware (e.g., automobiles, trucks, computers) used not only

within their own sector but also by military and social-benefit systems.

Especially noteworthy is the fact that although the primary purpose of indi-
vidual systems varies widely, e:~h contains many identical subsystems (primarily
for support). . Medical, coumunication, cocputation, transportation, maintenance
subsystems are often identical across all three types of systems. No one for
example would expect the charactér of medicine practiced in military, industrial,
and municipal hospitals to differ significantly, although there are vbvious
speciality differences depending on whether the physician is dealing with com-

bat wounds or gerilatric diseases.

- At the individual personnel level, moreover, the behavioral functions per-
formed by personnel in the different systems are often much the same despite
differences in system mission and equipment characteristics. Perceptual dis-
crimination, for example, demands very similar efforts of the operator whether
he 1is scanning a radar or sonar display or scanning a moving stock market

quotation display.

Because of these system similarities, it is logical that PSM measurement
principles can be applied to all systems. The degree to which formal testing
occurs varies, of course; itiis certainly more frequent in ailitary (or at
least reported more openly) \han in commercial/industrial and social-benefit
systems. These differences may, however, arise from the different traditions
in which these systems develo\. Military systems may require more testing be-
cause their requirements are often more stringent than those of the others,
because they are more technology-intensive than social-benefit systems, and
because evaluation is mandated |into regulations governing their development
and operation. Since social-benefit systems are so closely associated with
governmental (i.e., political) organizations which often function in what
- appears to be an illogical manner, the tradition of testing such systems is
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less firmly established, although that too is éhanging wich the prajiferation

of social programs (e.g., Social Security, Headst.rt, various weifare scheres)
whose evaluation is demanded by taxpayers. The pe'nt to be emphasized revertne-
leus is that the PSM principlis derived in large part from milivary tecting
situations can be applied to the other types of systems. (The reader interusted
specifically in evaluation of social-benefit systems might consuli S.ruening and

Guttentag, 1975.)

On the other hand, there are significant differences within a system category.
The most obvious difference is that of size. An organization like an Army uti-
lizes thousands of personnel; the smallest system, a single operator. Because
of this the mechanisms involved in the former are perhaps qualitatively different
from those required by the single operator system: a management structure which
is irrelevant in, for example, the single-seat fighter. Management stfuctures
cut across systems of different types and respond primarily to the size differ-
eﬁtial among systems.

System Clients

Another significant difference between military and non-military systems is
that the latter provide a benefit to clients who often have the freedon to ac-
cept or rejéct the outputs of these system, and whose interaction with the sys-
tem often affects the way in which those systems must be developed, operated,
and tested. Military systems have no clients, although with the introduction of
all-volunteer forces, even this distinction is breaking down; volunteers (and
particulaily their families) can in some degree be considered as clients. And
of course some military support subsystems (e.g., medicine, recreation) inher-

ently possess clients.

Commercial/industrial systems are more or less compctitive (the larger being
less so than the smaller); clients may or may not buy a particular brand of car,
house, or soap. Military systems compete with each other and with the civilian
sectcr for manpower (and their retention in the service) but beyond this they
have no competition; Social-Benefit systems have comparatively little (e.g.,
one may refrain from drinking the output of the municipal water system but this

requires recourse to wells or bottled water).
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The implications of the client for measurement is that for non-military
systems one must include as factors to be measured (1) the way in which clients
interact with sistem operations and, to the extent that this interaction is
important, (2) the desires, needs, and performances of clients as constraints
on system perfqrmance must be tested. An example is the Social Security
Administration, among whose clients are the elderly and disabled (Old Age and

" Survivor's Assistance) who because of their age and hand{caps have special

needs that must be catered to by the Administration.
Client factors must therefore be ¢nsidered in measurement in two ways:

1. Client desires and satisfaction must be considered as criteria of system
effectiveness where clients have a choice of accepting or rejecting_systen oﬁtputs.
(This applies in part also to Social-Benefit clients who are at thé mercy of the
system and who must accept system outputs, e.g., welfare recipient‘, prisoners,
energy consumers. Prevailing western social philosopﬂy'urges us fé take into
account their desires and satisfactions; but obviously these are less urgently
considered than when the client is completely free to reject the sisten output.)
The investigator must include client's needs/desires as part of the system re-

quirements he uses to derive evaluation performance standards, 1if the satisfaction

of these needs/desires is critical to accomplishment cf the systen'i overall goals.
_ i N
Of course, since the client has many needs/desires, the system gevelope:/
manager may select among these the ones he considers most relevant ﬁo the system's
overall goals. For example, Detroit pays much more attention to :tfling than to
ease of maintenance considerations, because it has decided it can sell more '
cars (its primary goal) by satisfying the former than the latter.

2. 1If the client is required to perform in some manner to implement the
system goal, his performance must be measured. For example, in the Social
Security Administration (SSA) and Internal Revenue Service (IRS) situations,
clients must report various ifems of information; if they are unable to do so
correctly, SSA and IRS processing of that information becomes more difficult
and expensive of manpower, time, and money. To the extent that systems have
only limited control over client performance (e.g., their availability for
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testing) it becomes more difficult to measure that performance; moreover,
client measurement may require use of special techniques such as attitude-

cliciting devices.

In contrast to military systems, therefore, which need be concerned pri-
marily about system personnel (those who run the system), non-military systems
must measure both system personnel and clients. Sometime:s these two sets of
personnel interact (as in consumer-service industries), so that performance of
one can be measured as a function of the other. When they perform independently,

however, the measurement burden is increased.

In non-military systems two aspects must be measured: (1) The system
functioning to accomplish its primary goal (e.g., fabrication of products to
be utilized, production of electric power); and (2) the system functioning in
relation to its clients (e.g., selling and servicing the products, distribution
of power to clieats). Because the military system has no strong client interest,
it should be somewhat easier to measure personnel performance in military than

non-military systems.

Systems Characteristics

In this section we will endeavor to list the various ways in which systems
can be described (see Table 4). These characteristics are enduring qualities
that cut across the distinctions made previously among system types. The follow-
ing liat is probably not exhaustive; and the individual characteristics are al-

most certainly not equally important in terms of affecting systéﬁ output.

1. Types/number of functions performed (e.g., surveillance, transport).

The purpose the system performs is the traditional way in which systems

have been clagsified. However, system classification by function is not very
useful and should be used only as an initial sort. The type of function ob-
viously determines the nature of the system output, but not its efficiency,

accuracy, etc.

The number of functions performed also varies among systems. Probably num-

ber of functions is somewhat correlated with systcm complexity and system
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TABLE 4

POSSIBLE EFFECTS OF SYSTFM CHARACTERISTICS ON THE SYSTEM

. SYSTEM CHARACTERISTICS

SYSTEM EFFECTS

9.
10.
11.
12.

13.

Types/number of functions
performed.

~ Number of- operational modes.

Number of subsystems.

System organization.
Number/organization of operator
positions.

Number/type/locus of transforms.
Number/organization of communica-
tions channels.

Output requiremente.

Characteristic inputs.
System reactivity.
Degree of mechanization.
System feedback.

System indeterminacy.

Type determines nature of output
but not quality. Number increases
system complexity.

Correlated with system complexity
but may improve output.

Increases communications.

Affects potentiality for break-
down.

Effects uncleér.
The more of these, the more likely
output will be affected.’

Significant effect on output
quality. '

Affects'system feedback and
evaluation.

Effects unclear.
Effects unclear.
Effects unclear.
Increased output quality.

Significant impact on system
processes anld output.
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complexity may have many consequences, including increased probability of.error,
output degradation, and system breakdown. However, these last effects are medi-

ated by many factors, of which number of functions is enly one.

2. Number of operational modes available. An operational mode is a means

of 1mp1ementing a system function. For example, mine detection in the.SMS sys-
tem may be accomplished wholly (automatically) by the computer; by the operator
with the aid of the computer; or entirely manually. A system with altern#tive
operational modes obviously has greater flexibility and capability to respond

than a system with only one mode. Number of operational modes is obviously corre-

lated with system complexity but may also improve the quality of system output.

3. Number of subsystems. System complexity is related to but not completely

determined by this parameter. Number of subsystems probably increases number of

communications channels and resultant communications.

4. Subsystem organization. Some systems are organized hierarchically (in

series), i.e., outputs from lower levels are transmitted th higher levels.

Other systems are organized laterally and subsystems function in parallel, trans-
mitting their outputs more or less concurrently to a higher level. Many systems
combine both types of organization. A series organization is one in which each
subsystem is dependent on the adequacy of immediately previous subsystem function-

ing; consequently in such systems the potential for breakdown is increased.

5. Number and organization of positions/pergonnel. Systems obviouély vary

in the number of positions that must be filled. This parameter is also related
to system complexity but it is unlikely that systems with more personnel auto-

matically tecome more susceptible to degradation of performance quality.

Personnel organization defined in terms of the roles played by system per-
sonnel may also be important. Associated with the hierarchical structure of
subsystems, certain positions may be considered as "key" (especially important)
positions at which information is received, filtered, interpreted, used as a
basis for decision-making, etc. Key posiﬁions probably have more impact on out-

put than do others. Systems will vary in terms of the number of "key man" posi-
tions.
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6. Nurber, type and locus of tiransforms necessary for a system output. If

each transform represents a critical transformation within or between individdals, i
teams or subsystems, one might hypothesize that the more of these, the more !'
probable it is that errors, critical delays, lack of output quality, etc. will :
occur. Whether this happens may be dependent on the type of transform (whether

it is decisional, interpretative or communicative) and where in the system

hierarchy it occurs. From a measurement standpoint the transform indicates a g
point at which personnel performance data should be taken. i

7. Number and organization of communications channels. Communications é -
channels are particularly important to system functioning because, outside of !
matter/energy inputs/outputs, the only ‘nputs/outputs transmitted within and 5
beyond the system are in the form of information which must be communicated. g _
Miller (1978) suggests that "there is always a constant systematic distortion ﬁ L7

| between input and output ot information in a channel" (hypothesis 3.3.3.2-2, g
p. 96) and that "a system never completely compensate§ for the distortion in ?
informatioﬁ flow in its channels" (hypothesis 3.3.3.2-4, p. 96). His following E
hypotheses (selected from others) may be particularly relevant to manned systems: i

"The probability of breakdswn of adjustment processes among subsystems of §
a system decreases as the number of parallel information channels serving it g :
increases" (hypothesis 3.3.3.2-10, p. 96). :

“The probability of error in or overlcad of an information channelAis a %
monotonic increasing function of the number of components in it" (hypothesis %
3.3.3.2-11, p 97). | é

"The less decoding and encoding a channel requires, the more it is used" é ‘
(hypothesis 3.3.3.2-16, p. 97).

"The information input with the greatest intensity or greatest signal-to- § o
noise ratio is given priority processing" (hypothesis 3.3.3.2-19, p. 97). %:‘

"A system gives priority processing to information which will relieve a ;
strain (i{.e., which it "needs"), neglecting neutral information. It positively g
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rejects information which will increase a strain." (Hypothesis 3.3.3.2-20,
p. 97).

"In periods of stress and/or change in a system, the amount of informaticn
processing relevant to both task performance and adjustments among subsystems
increases” (Hypothesis 3.3.3.2-21, p. 97).

"As the amount of information in an input decreases (i.e., as it becomes
more amoiguous), the input wili more and more tend to be interpreted (or
decoded) as required to reduce strains within the system" (Hypothesis 3.3. 4 2-9,
p.99).

Communications channels are an obvious locus for performance measurement.
{

8. Output requirements. Does the system have to produce a specified num-

ber of outputs? As many outputs as possible? Are these outputs quantitatively
gpecified? How much output variation is permitted (e g., the range of accept-
able variation)? To the extent that output variation is specified and tightly
controlled, precise system feédbacﬁ;and evaluztion are possible. One can also
measure output quality in terms of #he réquirements imposed or it. |
| |
9. Characteristic inputs. Is i& posgible that systems can be differenti-

ated by the nature of the inputs t#at'activate their mission? What type of

inputs activate the system (e.g., @atter/energy or information)? Are these a
single type or does the system reacf to different types? How frequent are

thes» inputs; are they persistent during system operation? Do system operations
change the nature of these inputsf Again the investigator may wish tc examine
output quality in terms of the kinds of inputs the system receives (see also
remarks about indeterminacy).

10. System reactivity. Is the system reactive (i.e., initiates its mission

only when stimulated by external inputs) or does it seek out the object of its
functions based on its own internal programming? This parameter 1is obviously
related to the types of functions the system performs and may be too gross to
be related directly to system output. However, the system's activity cycle
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may differentiate system types. Is that activity continuous or episodic?
Are there periods when the system appears dormant because it is engaged
solely in self-maintenance activities (e.g., housekeeping, maintenance,
training)? Does it have many functions like emergency procedures that are

only rarely implemented? The sequence of system activities over time and in

pursuance of particular functions may permit us to categorize systems, albeit oy |

very grossly.

11. Degree of mechanization. Obviously systems vary in the extent to which

they depend on mechanization. Logically it would seem that purely manual systems 9. 2
should be slower and more subject to error or qualitj degradation thén more : izg/’
mechanized systems; but controlled tests of this hypcthesis have not to the ;;3 oo
author's knowledge been performed. In any event, our natural pessimism makes ‘T
us suspect that the relationship between mechanization and systém performance Eéi
is probably indirect, mediated by other variables (which have not yet been ié;: .
identified). , ' SN
| N
. [eas .
12. Feedback to system personnel. Systems probably also vary in the extent - N
to which they provide feedback about mission events/success to system person— §3§
nel. Based upon what is known about feedback effects on individual performance gﬂg
(see Meister, 1976) one could hypothesize that the more feedback the more Eé?
effective system outputs should be, since feedback permits the system to Egi
monitor and to controlAsystem Qualigy. Again, however, we suspect that all E§§
sorts of mediating variables affect this correlation. ﬁf}

PN

1

O

13, System indeterminacy, as defined by Katz'(1974) and Meister (1975). =S
Indeterminacy in systems is composed of three variables: (1) the nature of Eﬁg ) .
stimulus inputs; (2) the amount of flexibility permitted to personmnel in im- Lﬁ%;
plementing system operations; and (3) the degree of personnel response pro- E?ﬁ

gramming. Thus a system in which inputs are ambiguous or capable of multiple
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interpretations based on molecular stimulus differences; in which alternative

procedures are available (determined by the meaning assigued to these inputs);

A, .
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and in which personnel responses vary as a function of the preceding two

.
.
s
»

variables, can be considered highly indeterminate. A system in which inputs

are invariant (or almost so); in which ohly one procedure is necessary or
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permitted; and which is capable of only one or two personnel responses is

highly determinate.

For ekample, a missile launch control operation is highly determinate
because inputs (console indicators) have a relatively unambiguous meaning
(satisfactory, out of tolerance, emergency); the operating procedure calls
for simple activation of a series of switches in a prescribed order; failure
to perform a required step in the prescribed sequence prevents the launch
from proceeding. An example of a highly indeterminate system is a divisionalv
headquarters during an attack where inputs are fragmentary and often ambiguous,
the order of battle must be progressively built up and the successful response

(which will counter the enemy) is a probability only.

Of all the parameters listed above, the author's favorite is indetérminacy,
in part because it is comprehensive‘(involving input, output and mediating
processes) and may subsume a number of the other parameters. Moreover, in-
determinacy can be operationally defined more readily than some of the others
and can be scaled on a continuum from almost completely determinate to almost
completely indeterminate. In consequence one can derive testable hypotheses
from it. As an exercise to see what hypotheses system research can deal with,
it will be useful to consider the hypotheses that one can derive with inde-
terminacy as the independent variable. No claim is made thét the following
is either comprehensive or indeed other than exemplary.

1. With increasing indeterminacy, the number of operational modes avail-

able to the system increases. Rationale: with a variety of stimulus inputs
it is likely that different ways of responding to these inputs will be

necessary.

2. The amount of communications processed by the system increases with in-

creased indeterminacy. Rationale: hi~hly variable inputs require more pro-

cegsing which is implemented primarily through communications.

3. The amount of feedback provided to syster personnel has a direct rela-

tionship to the amount of indeterminacy in the system. Rationale: more system
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adjustments are required in indetermirate systems, hence more monitoring of

progress.

4., The amount of deacision-making (and correspondingly the number of trans-

forms) increases with Increases in system indeterminacy. Rationale: the num-
ber of alternatives (ambiguous inputs, alternative responses) increases with

indeterminacy; selecticn among alternatives requires decision-making.

5. The more indeterminate the system, the greater skill and more training
system personnel must possess. Rationale: increased decision-making is re-
quired in indeterminate systems (because of the number of alternative responses

available), hence more skilled personnel are needed to make those decisionms.

6. The probability of information overload increases with amount of system

indeterminacy. Rationale: in an indeterminate system more information must
be solicited and accepted to interpret ambiguous and hence unstable input con-
ditions.

7. The greater the degree of indeterminscy, the more impact personnel per-
formance will have on system output. Rationale: with ambiguous inpﬁts, partial
information, etc. system outputs cannot be inflexibly programmed but must be
channeled through interpretive processes controlled by personnel. Under these
circumstances the potential for human error increases and consequently the‘prob—
ability of output degradation. Of course, the relationship tetween indeter-
minacy and personnel impact is not really that simple, since skilled éersonnel

can often compensate for error and degraded conditioms.

The above are almost certainly not the total number of relationships that
can be derived between indeterminacy and other.system variables. They are
however all the author could think of; lacking empirical data about variables
inherent in system functioning, one cannot allow one's imaginatiocn to run
riot. Certain relationships seem inherently improbable, e.g., indeterminacy
and (a) number of positions/personnel; (b) type of function performed (al-
though it would be interesting to hypothesize that surveillance and decision-

making functions are more closely associated with indeterminacy); (c¢) number
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of subsystem levels (although indeterminacy may build up with increasing

subsystem echelons); (d) deyree of mechanization.

All of this is gut feel, however. We simply do not have enough informatiun
about actual systems to do more than make very tentative hypotheses. However,
the listing of potential system parameters does provide one way of securing
information about systems. One can attempt to classify operational systems
in terms of the above listing and look for relationships with system outputs.

New parameters and relationships may thereupon suggest themselves.

The significance for PSM of the indeterminacy construct is its impact upon
the measurement strategy adopted. For example, because there is little stim-
ulus-response variability in these systems, highiy determinate systems should
have more precise criteria and standards of performance, which make it easier
to evaluate personnel performance. Such systems can be wore readily evaluated
by use of so-called objective measures; in indeterminate systems, since the
meaning of inputs and responses depend in part on personnel interpretation,
it becomes necessary to use more subjective instruments (e.g.. interviews),

to determine what that interpretation is.

Again, because of their relative lack of variability, it is easier to
simulate determinate systems and hence to measure their performance in simu-

lators.

The parameters and hypotheses advanced so tentatively can be tesated in two

ways, operationally and experimentally:

1. Operationally one would examine a variety of "real world” systems in
their environment and attempt to describe their functioning in terms of the
parameters and hypotheses presented previously. Concretely th&s means col-
lecting a great deal of descriptive data about such variables as inputs,
functions performed, procedures for dealing with inputs and outputs, commu-
nication channels, organizational relationships among subsystems, changes in
system responses over mission time, etc. Observation of on-going activities,

interviews with key personnel, written questionnaires and rating scales and
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examination of available documentation would be necessary. This procedure
would not require the collection of human performance data except in a very
molar manner. Analysis of the resultant data would be essentially correla-
tional, since manipulation oflvﬁrlables would hardly be poséible. Hypotheses
would direct the investigator to ;he specific variable relationships to be

tested, with special attention to system outputs.

2. Experimentally the researcher would develop an "analogue systeﬁ" con-
taining the parameters he wished to test. For example, he might model an air
surveillanceAsystem with inputs presented in the form of visual stimuli whose
characteristics (in terms of the responses required of subjects) ranged from
unequivocal to extremely ambiguous. 'The researcher would specify the responses

. to be made to these stimuli (e.g., categories such as miséile, aircrafte,
natural phenomena) with procedures for resolvirg ambiguitfes. If he wished
to determine the effect of indeterminacy, he would construct problems which
varied in amount of indeterminacy and, say; number of personnel or feedback
as independent variables and speed and accuracy of terminal output decision-
making as dependent variables. Each subject, exposed to the set of problem

situations, would serve as his own control.

Note that what has been described is classic CE which, as was pointed out
before, is entirely appropriate for system research as long as the requirements

of system research (see Charter Two) are satisfied.

The two approaches are complementary, not opposing. Oﬁerational studies
should be initiated before experimental ones because, being closer to the
real world, they are more likely to produce leads that can be turned into
hypotheses for more precise experimental test. Such operational studies
should moreover continue even as experimental ones are proceeding. Any con-
clusions reached experimentally should be brought back into the operational
environment for verification with actual systems. If there is a system
research paradigm, therefore, if 1s a progression from the operational en-

vironment to the laboratory study, back to the operatioral environment.
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CHAPTER SIX
CRITERIA FOR SELECTING AND EVALUATING PSM RESEARCH

In this chapter we examine the question: Are the criteria ordinarily applied
to the aelection.and evaluation of scientific research--validity and reliability--
adequate for PSM research, and, if not, what other criteria apply? From the way
the question was phrased, it is obvious that we have answered it in the negative,

and so we will have to explain why.

Any discussion of research presupposes a value judgment: research possessing
certain characteristics has greater worth (however worth is defined, and this is
an individual matter) than research possessing other characteristics. Criteria
have always been applied to research, but grnerally those accepted by the
scientific community have described only validity and reliability. Other criteria
exist, but have rarely been considered. It is the author's point of view that
the testriction to validity and reliability is associated with much behavioral

research having cnly limited usefulness to the Human Factors discipline.
Research criteria should be applied at two stages in the teaearch“proceea:

1. Before a study is initiated, the researcher uses these criteria to

decide whether or not he should proceed with that study.

2. After a study is completed, the researcher (and others) use these

criteria to evaluate the worth of the study and its results.

.

- QOur partiéular 1hterest lies in the former application, because criteria
are far more valuable when used to select the studies to be perforried than they
can ever be in evaluating those studies after they have been completed. Once
completed, a bad study clutters np the journals and misleads readers; it is,
therefore, far more important to prevent the bad study from being started. For
this reason it 1s important for the reader in examining the criteria discussed
below to consider how effectively a particular criteridn can be used before a
study is performed. '

In addition to the traditional validity and reliability, we will consider:
relevance; applicab{lity; generalizability; and utility.

i
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1. Validity. Everyone presumably knows what validity is, although
actually most do not and the subtleties involved in the concept would make a.
rabbi's eyes bulge. There are different validity concepts, some expressed in
_purely statistical terms, others in philosophical ones. Our definition of
validity is phrased in the form of a question: Do the research results truly
represent what one has measured or hoped to measure? The key work is "truly,"
because at the heart of the validity criterion is the concept of some absolute
standard of truth, so that if X is an event, phenomenonvdr behavioral state,

X' (the results of the measurement) equals or approximates that X.

A discussion of the complexities of the validity criterion is outside
the scope of this monograph, but it is necessary to point out that in an absolute

sense, validi:cy can never be established because it presupposes a standard of
comparison (between measuremeni results and the event, object or. phenomenon
being measured) that is independent of measurement operations. Unfortunately,
the researcher's knowledge of an object, event or phenomenon can never be com-
pletely independent of the processes by which he measures that object, event or
phenomenon. Because inaccuracy is inhercnt in all measurement processes, vali-

dity cannot bLe absolutely ensured.

The researcher can, however, attempt to gain confidence in his conclusions
in various ways: (a) by predicting performance in another situation based on
the results of the earlier measurement (predictive validity); (b) by repeating
the measurement with a different set of subjects, possibly under different
conditions, and noting whether the same results are attained (convergent validity).
Other types of validity, like construct validity, are essentially nythical.

If one looks at wcasurements of relatively molecular behavioral phenomena
(e.g., reaction time to discrete stimuli), predictive and convergent validity
coefficients are fairly high. As study variables become more molar, however,
it becomes progressively more difficult either to predict future performance or
to repeat the results of earller studies.

PSM wakes more extensive use of predictive validity because many of its
measurements are performed to solve problems or decide upon a course of action.

If’the problemn is solved or the action is effective, there is at least a suggestion
of predictive validity.
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The use of validity as a means of deciding which study rather than
snother should be performed (because the data from that study will be more valid)
is in practice not feasible; because it requires the researcher to anticipate
the relationship between a future cvent--data from a study not yet performed--
and an actual event or phenomenon, the truth about which cannot be ascertained.
This is too difficult for anyone. In fact no researcher cudgels his brrin in
that fashion. In practice validity as a research selection criterion is
pleasantly ignored, as it is also (to a somewhat lesser degree) in research
evaluation. The use of validity as an evaluation criterion (to ascertain in
which studies one should rest confidence) is shot full of the researcher's
biases, because, lacking any objective basis, it permits him to ignore gtudy

conclusions that conflict with those biases.

1f validity is of dubious utility in CE, one would not expect it to be
of much greater use in PSM. And in fact the PSM researcher assumes validity
as does everyone else. His assumption has a more solid foundatipn, however,
because the measurewent sources he deals with are cl&aer to operational reality.

2. Reliability is the consistency of the researchét't results, i.e.,
repeated measurements on the same object, event or phenomenon, performed in
the same manner each time, will produce essentially similar results. For mea-
surement situations which can be repeated more or less identically with the
sane subjects (e.g., & steondard test, a highly controlled experimental situation)
the term has meaning. Because, as we suggested previously, (a) the mission
scenario is the ccantrol element in PSM (in operational studies, anyway); (b)
individual scenarios can vary substantially (although still within their broad,
common structure); and (c) opportunities for the same subjects to repeat task
performences in the same s aario are often lacking, it may be somewhat more
difficult to establish the reliability of PSM than of CE data.

Reliability, like validity, is almost never used as the basis for
selecting one measurement situation over another, because it is difficult to
anticipate data consistency except in very general terms. However, reliability
comes into its own as an evaluation criterion. PSM finds the reliability concept
to be ugeful but may have some difficulty in utilizing it because of the reduced
control under which some PSM measurements are made.
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3. Relevance indicates whether measurement results relate to the:

questions/purposes for which the study was initlated.

The importance of this criterion should be readily apparent. Research
always begins with a question/purpose which, at least by implication, imposes
a requirement upon the research: to answer that question or accomplish that

purpose. In a sense research purpose is equivalent to system mission.

Often that question/purpose is very specific: for example, doesAvariable X

have a significant effect on a particular performance? The more specific the
question/purpose, the more easily one can determine whether the results secured
are relevant to that question or purpose. Similarly, the more sperific the .
question, the more likely it is that the study results will be relivamt, because
the precision of the question makes the selection of an appropriate methodology

more probable.

There is, howeveir, a hierarchy of questions/purposes. Behind the immediate,

specific question is always a more molar one, which is really what the study is
designed to achieve. Because of this, the answer to the more specific question
implements the highcr order one. Example: Immediate study purpose: to.
deternine the finger pressure required to activate two and three pole switches.
Higher order study purpose: to develop data permitting the design engineer to
select the most efficient controls for operator use. Obviously the lower order
purpose/question is "nested” in the higher order onme. ’

In order to determine the relevance of any study it is necessary.fo ask
what its higher order purpose is and how closely the specific study purpose cor-
responds to the higher order one. Relevance is always in terms of that higher
order purpose. It is not permissible, however, to specify as a higher order
purpose such generalities as "science" or "basic knowledge," because almost
anything can be subsumed under such generalities.

Although the specific study question/purpose is generally articulated
very carefully, very little consideration is usually given by the researcher
to its higher order relation. Paradoxically, it is entirely possible to perform
a study that satisfies the more specific purpose while failing to satisfy its
higher order one. That is because there may be so great a distance between the
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two orders of purpose that the study cannot bridge the chasm., Suppose, for

example, one did a study on expectanry theory although the ultimate purpose

‘of that study was to contribute to human engineering or system design principles.

1t might be difficult to see the relatedness of the two purposes. This is the
case with much behavioral research in which it is difficult to see what ultimat:
purpose that research serves. One need only examine jourmals like the Journal

of Experimental Psychology to see that little consideration has been given the

relevancy criterion.

The more general the higher order study purpose, the more judgment enters

into determining the relevance of measurement results to that purpose. Hence

- there 18 room for honest disagreement about whether a particular study makes a

contribution to the higher order'purpose implicit behind the specific question

being answered. It would be desirable to make researchers specify the higher
order purposé of their work and to show the relationsuip between their study
results and that purpose. Whether this would in fact reduce the rumber of

irrelevant studies cannot be predicted.

_ One might expect that researches performed by Human Factors specialists
specifically for Human Factors purposes would be more relevant to those purposes
than research of a general nature which is adapted to Human Factors needs. Often
one finds, however, that the two categories of research are equally irrelevant,

which suggests that much research supposedly perfcrmed for specific Human

 Factors purposes is actually perforwed under disguise, as it were.

The relevancy criterion can and should be used to create the most
appropriate study or the most appropriate study methodology (for example,
making a decision between collecting data in the laboratory or the operational
environment). Relevance, unlike validity and reliability, is feasible as a
decision criterion because the researcher need only relate his study methodology
and the kind of data he intends to collect to the higher order study purpose.
The system oriented researcher can do this more readily than the CE researcher
because his orientation is to the operational system (which is, to say, to

reality).

4. Applicability indicates the degree to which measurement results may

- be transformed into actions solving a problem or enabling a prediction to be
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made. The essence of this criterion is that there are action consequences of

‘the research.

It is geuerally accepted that the purpose of research (i.e., science)
is to gain wmore adequate understanding of the world (i.e., system operations).
But understanding unsupported by actions based on that understéﬁding is
specious, being too often manifested merely by ignorant theorizing. Volumes of
behavioral research are filled with windy words with which one can do nothing.
Such understanding creates pleasure in those who think they understand, but
nothing more. Only when one can apply these words czn one speak truly of
understanding. '

Applicability, again iike relevance, is a relative criterion. There
is no absolute standard of applicability to which every study must conform.
Its major usefulness is in deciding between alternative study projects or

methods of measurement.

Manifestly, PSM research is more applicable than traditional CE, because

PSM is more action-oriented than CE. Applicability, like relevance, can be
readily used as a means of deciding what and how a study is to be performed.

5. Generalizability indicates the degree to which measurement resilts
can describe objects, events or phenomena similar to but not identical to those
on which the measurements were made. Some generalization is necessary in all
research because any study is based on a sample of the‘population which differs
to some extent from the parent population. The more generalizable a set of
meagurement data (or the conclusions from these), the more valuable the

\

\
Generalizability is less imrortant than relevance and applicability:
It can, however, be added (to the latter criteria when a decision must be made
among alternative study methods. In actual practice it is rarely used for

research is.

this purpose. It is occasionally used as an evaluation criterion.
6. Utility can be defined in terms of three dimensions:
a. The criticality of the problem to be solved or the question to

be answered.
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b. The amenability of the problem or the question to measurement i

processes. v ' A

c. The possibility of applying the measurement results in the real
world (not whether they will).

Like the previous criteria, the utility criterion should be applied only
in deciding among alternative studies. There is no way of applying an absolute
standard of utility; what is a critical subject for one researcher may be ' '
trivial to another. Once a subject area has been selected, howecver, the
researcher can choose rationally among alternatives within that subject.

A study has high utility if the pfcblen/question attacked is relatively
important (in terms of impact upon the system = the real world); if the problem/
question can be measured reasonably effectiveiy; if the measurement results can
actually be utilized in performing some action or developing a consequence

related to the problem/question.

A study would not appear to be worth performing if (a) the problem is
unimportant; for example, there would seem--to this author at least--not much
point to studying toilet graffitti even if one were a sociologist interested in
studying scatology; (b) the problem/question does not lend itself to measurement;
for example, when the author worked for the Army a research topic was several
times proposed (by operational personnel) that we considered not amenable to
measurement: to study methods of making coﬁbat less stressful for troops; (¢)
the study results cannot be applied meaningfully to the real world situation
from which the problem/question originally arose; for example, any research
results dealing with making combat less stressful would be unlikely to be

effective wher real bullets are used.
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It is apparent that the utility criterion can be more easily applied in

PSM rescarch than in traditional "fundamental" research.

This list of criteria is technical only. There are factors such as
cost, the effort involved in performing the study, the acceptability of the
research topic to cne's peers and superiors and practical problems of implemea-
tation, that must also be considered. However, these are outside vur purview.
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Several poincs should be noted. The criteria described are not completely

independent of each other. Utility and applicability are interwoven; so are
relevance and utility. On the other hand, validity and reliability are rather

independent of the others, although not of each other: one can perform a

highly valid and reliable study which is neither relevant, applicéble, generalizable

or useful. (Much behavioral research is of this nature.) The other four
criteria have real world referents whereas validity and reliability have no
reference other than their own measurement processes. ‘(The phrase "referents"
refers to elements that must be taken into consideratioa in applying the
criterion.) This may account for the popularity of these two criteria in
purely academic circles. Another reason for their popularity is that validity
and relifability can be expressed quantitatively, as coefficients of correlatioa.
The others are judgmental only. On the other hund, validity and reliability
can be applied only post facto, whereas the others can also be used to select
the potentially more effective study among alternatives.

Ideally the investigator wishes to have both valid and reliable measure-~
ments and is content when he feels he has accomplished these. But is this
sufficient? Valid and reliable measurements may well be irrelevant to the
questions with which the study began. Suppose, as a purely hypothetical
exanple, a study seeks to assess the physical prowess of 50 year old men, but
the measure taken counts only the number of "pushups" they can do. The measure
is a valid measure of pushups and is highly reliable; however, the data describe
only one aspect of strength, and, as a consequence, they are only pgrtially
relevant. The difficulty lies in failing to correlate the measurement questions

- asked with an instrument appropriate to those questions. The more complex the
questions, the more likely such a failure of coordination is to occur. The
problem here is analytical rather than mensurational: it occurs because the
investigator fails to describe his study goals precisely enough in advance of

measurement, and, as a consequence, he selects an inappropriate instrument.

Beyond validity, reliability, and relevance are the results capable of
being transformed into some consequence or action? Literally, what can one do

with the effects of measurement? It is undeniable that knowledge is its own
goal; but how much better is that knowledge when it can be used for something?
Besides, there are degrees of knowledge value; certainly not every study in

the vast outpouring of information in the behavioral sciences is equal to every
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other study. And LI that Is the case, does it not argue that those studies
that have actlon consequences are better than those that do not~-always

assuming, of coursz, equal validity, reliability and relevance.

Even if one has valid, reliable,'relevaht and applicable results, these
may or may not be generalizable to objects or events other than the ones measured.
Generalizability is aot as important as the preceding factors; it limits measure-
ment utility but it does not absolutely destroy it as.would lack of validity, ‘

_reliability or relevance. Generalizability depends on the extent ¢o which the
object or event measured resembles other objects or events in terms of the
dimensions being measured. This is a function of the dimensional range of the
subject sample. The more specific the measurement, the less it can be
generalized. If one measures the strength of 12 year old giris, the results

can be generalized only with difficulty to 40'y§ar old women. The characteristics
of the object or event beiag measufed determine its generalizability; if one
wishes to expand generalizability, the range of those characteristics must be
expanded. : ‘ '

If one had an int:rval scale to measure it, the utility of data for the
satisfaction of the measurement purpose could vary from zero to theoretical
infinity. Each of the variables above adds to (or subtracts fron) utility.

Lack of generalizability (to a large enough population) reduces utility slightly;
lack of applicability reduces it much further; invalidity, unteliability and
irrelevance totally destroy it.

The point of this chapter is that the investigator cannot be satisfied
merely if his measurement is valid and reliable, the usual criteria for
evaluating a study. Moreover, he should utilize these criteria not aerely for
the evaluation of a study after it has been cqmpleted (sad then usually only
for studies performed by others), but before he begins his own work. Although
the system concept does not strictly tequite the application of relevance,
applicability, generalizability and utility criteria, the system orientation
is more conducive to their use than more traditional CE.
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CRITICISMS OF THE SYSTEM APPROACH TO MEASUREMENT
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APPENDIX 1
CRITICISMS OF THE SYSTEM APFROACH TO MEASUREMENT

The author has heard a number of colleagues raise the following objections
to the approach described in this monograph. These objections center around the

following points.
1. The criterion of utility is not relevant to science.

2. There is nothing new in the system approach and Human Factors specialists

already accept its premises.

3. The over-concentration on the manned systew= breaks completely with

Psychology.

4. There are inadequacies in present Human Factors methods, but things are

not that bad and time and more research will solve these problems.

5.. It would be highly desirable to do research as the system approach
suggests, but it is too difficult.

In the remainder of this Appendix, we will review these criticisms and sce

whether they are well founded.

1. The criterion of utility is not relevant to science.

The utility criterion is implicit in the system approach because the focus
of that approach is on the operational system which emphasizes immediate problems.
Because of this the reader may believe that what we are talking about is merely
application of more general principles (already known, of course). Later we
shall make a case for the fact that Human Factors is not merely the application
of experimental psychology but here we need concern ourselves only wich the

notion of utility.

The rallying cry of basic research is knowledge for its own sake. Presumably

we cannot know the ultimate value of any study, no matter how apparently trivial.
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A hundred studies of little importahce may have to be performed before one of
significant value is found. This is the philosophy that has driven most behavioral
research (at least that part of it which is academically oriented and which one

finds in journals like Human Factors and Ergonomics).

Research is manifestly not performed at random. Of the thousands of studies
that could be performed on any subject, oﬁly a few are actually implemented.
Obviously some judgmental criteria (see Chapter S£ix) were used to select those
that were initiated. Implicit in those choices was some sort of utility
criterion, e.g., the researcher's interest in 8 subject; the need to satisfy an-
academic requirement like the doctoral degree; the feasibility of performing the
study; estimates as to relative payoff. None of these criteria is purely

technical; most are simply personal.

It is myth, therefore, that the researcher in performing basic research has
complete freedom to do what he chooses to do. Even if he had almost limitless

freedom, he would still be constrained by his own concepts of relevance.

It is anpareat, therefore, that some utility criterion--however it is phrased--
is implicit in the researcher's choice of a study to perform. The criteria applied
by the basic researcher are not qualitatively different from the ones suggested in

this monograph; they are merely less immediate. Basic rgsearch is that research
. which has « payoff only in a more or less remote future, whereas applied research
has a goal which can be more concretely imagined. If this is once granted, why

‘not apply the criteria implicit in the system concept?

2, There is nothing new in the system approach and Human Factors specialists

already a:cept its premises.

If t- . system approach is really accepted by most Human Factors researchers,
it is difficult to see why the research they perform as reported in the journal
literature lacks that orientation. The implication of the system concept as far
as measurement is concerned is that studies performed on individualistic variables
in a non-operational environment must be verified by studies performed on those.
variables in operational systems. Consequently a major goal of Human Factors
resesarch should be to determine the applicability of psychological research to
the system characteristics of Human Factors.
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One sees, however, little if anything in the literature involving systems
as systems and the system approach as discussed in this document. One cannot
accept the system approach and sloultaneously ignore its'implicatlons. 1f those
lmélicntlous are accepted, it Is necessary, for example, to question the
behavioral research conclusions so far developed because none has been vérified
with reference to operational systems. It is necessary to ask why we have so

little data about manned systems and the role of the human in those systems.

The man-machine system as it has been described for éxamplé in Chapter One '
of Van Cott and Kinkade (1972) is not the system as we have described it here.
The system cannot be limited (as it usually is) to the immediate man-comsole
1nteract;on. Even if it were so limited, the manner in which system resecarch
on that interaction should be performed is far different from the way in which
man-machine research is currently performed. {

|

It is, of course, possible that the system approach 1s accepted by Human

Factors specialists on a purely abstract theoretical basia, but that the concrete

implications of that approach are ignored because speciaiists are more confortable

with the research strategies they learned in school. Thdse strategies, it need
hardly be emphasized, reflect an orientation toward the individual, not the

' !
system. ‘ |

3. The over—-concentration on the manned system breaﬁs completely with
Psychology.

-This criticism is someﬁhat justified. Since the subject matter of Human
Factors is the manned system, the principles, techniques and conclusions dervied
from psychological research which is oriented toward the individual cannot be

applied uncritically to the system.

Manifestly the manned system includes the human and, therefore, there is a
continuity between Human Factors and Psychology. That is why we emphasize that
the conclusions derived from psychological research may apply to the system;
but since in the manned system we are dealing with a level of discourse
qualitatively different from that of the individual, it is necessary to test
these psychological conclusions against the operational system. 1t is possiblc
that:
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a. Some of these conclusions (perhaps the majority) wiil apply to

personnel performance in the manned system wholly and without modification.

b. Some of these conclusions will apply but will have to be modified

in ways that we cannot presently envisage.

c. Some of these conclusions will have minimal impact in the system
context and, therefore, can be discarded (but only as they relate to the manned

system).

d. Entirely new principles not presently conceived may have to be

developed.

Until we test our present psychologically-derived conclusions against the
reality of the manned system, we cannot say which conclusions are valid for

the system and which are not.

We have implied in the foregoing that the manned system is something entirely
different from the individual and, therefore, that the individualistic orientation
of psycliology does not apply at the level of the system operator. This is not
to suggest that the individualistic orientation is invalid but merely that it
does not apply to the system situation. For example, what is the significance
of principles of electrical brain activity to the performance of a technician
attempting tc¢ maintain a malfunctioning equipment? How does eyelid conditioning
relate to the student pilot learning to land on a carrier? Manifestly, electri-
cal brain activity 1is necessary for the technician to'fﬁnction; but it does
not serve to explain his troubleshooting behavior. We know also that we can
condition the eyelid responses of the student pilot; but this is irrelevant to

his learning a complex psychomotor landing pattern.

By our reasoning Human Factors specialists are not psychologists, although
their initial training may have been in Psychology. Although one can recognize
the Human Factors debt to Psychology, it is necessary algo to recognize that the two

disciplines diverge because their subject matters are different.
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4. There are inadequacies in present Human Factors methods, but thicgs are

not that bad and time and more research will solve these problems.

e reason the researcher mhy have for looking at alternative methods of
performing Human Factors research is that he is unhappy with progress in his
field. If he is satisfied with the status quo, he is unlikely to look for other

solutions.

How does one answer the objection that things are not so bad with Human

Factors? After all, whether or not one is satisfied with its methodology depends 222
on very subjective criteria. ' w
A
. . :._\ { /
The specialist's feeling of relative satisfaction should be determined by KA
his answers to the following questions (which are merely exemplary): .gﬁ -

a. Can one presently predict quantitatively how well an individual will

perform in operating a control panel or comsole?

b. 1In evaluating the design of a man-machine interface, can one apply
human engineering design principles quantitatively, e.g., the application of
this design principle (arrangement of controls by function) will produce mean

performahce of X percent accuracy, whereas application of another principle

(arrangement of controls by sequence of use) will produce X' percent accuracy)?

.'_.:- A
i /
: e )
c. Does the designer or Human Factors specialist have at his disposal R /!
a series of tables which will allow him to predict personnel performance (in :;:; /
terms of accuracy, job completion or any other criterion) as a function of the by
o

.following: type of man-machine interface; type of system/task; amount of prior

training; skill level; motivation; etc.?

d. Does the training specialist have anywhere a set of principles that
allos him quantitatively to determine how long a training program for a new

design configuration should be and what that program should consist of?

e. Can we predict in the very early stages of system design what the

effects on personnel performance will be of proposed changes in system design?

A-5




(We make the assumption, which not every Human Factors specialist may
accept, that the goal of our discipline is to provide answers to questions such
as these. These questions are oriented around the interaction of personnel
performance with system design which we assume are the two immediate concerns
of Human Factors. If the reader does not accept these assumptions, we have

nothing to talk about.)

The answers to the above questions are largely negative. Can the Human

Factors specialist then be satisficd with the progress of his discipline?

The commonly accepted reply is: No discipline fully achieves its goals;
but that with time, money and research answers to thqse questions will be
found. The Human Factors discipline is still comparatively quite young; surely

another 25 or 50 years or . . . . will give us what we want,

It is possible, however, that unless a more realistic approach to measurement
is adopted, another 25 years of researgh will simply produce results not

significantly different from the past 25 years.

5. It would be highly desirable to do research as the system approach

suggests but 1t is too difficult.

Admittedly the approach described in this monograph is more difficult to

pursue than our present measurement approach.

a. Working in the operational environment is more costly, more
frustrating, requires more sensitive techniques and more creativity than

ﬁorking in the laboratory.

b. To verify in the operational environment results achieved in labora-
tory experimentation does involve additional burdens i1if we do not validate

conclusions operationally.

¢. Working with highly trained subjects does reduce our potential
subject pool and requires that we spend much more time in training before we

can experiment.
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d. Simulating a system environment in the laboratory is more expensive

in cost, time and effort than working on a purely individual level.

Having admitted all this, is it acceptable to use the difficulty of a new
approach as an excuse for not getting on with that approach? Applying an incor-
rect strategy simply because it is easier to apply than a correct strategy is not

an acceptable way of being a scientist.
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APPENDIX II
SOME REPRESENTATIVE PSM STUDIES
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APPENDIX 11
SOME REPRESENTATIVE PSM STUDIES
Tn this appendix we present some "representative" PSM studies to illustrate
the principles described previously. This is not a review of the literature,
since only a few studies have been selected; for those interested in a broader
survey we recommend Parsons (1972) and Meister (1976). The studies selected
cover a broad time span, some of them having been performed in the early 50's,

others so receantly that their data are still being analyzed.

The studies were selected to illustraté the following categories of PSM

measurement :
1. Expldtatory tests
2. Resolﬁtion tests

3. Verification tests: Operational System Tests. (No examples of
Operatiocnal Readiness tests could be found.)

4. Experimental field studies
+ 5. Laboratory research

6. Normative data gathering

In reporting these studies we have endeavored to quote verbatim as much as

possible from the original sources.
These studies illustrate the following points which exemplify PSM:

1. The impetus for Exploratory research is the absence of relevant answers
in the available literature.

2. Much more use is made of subjectiﬁe techniques in PSM than in labora-
tory stpdies.
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3. With the exception of normative data gathering, ail the tests described
make use of CE principles, although the degree of control is less than in CE.

4. During system development Exploratory tests are often combined with

Resolution and Verification tests.

5. In all of these tests the mission is critically important; as a result,
operational fidelity is emphasized.

6. Special care is taken in selecting subjects with appropriate background
and training. Subjects are often system personnel. '

7. In studying operational systems either in the operational environment
or in OST all aspects of the system (including training, procedures, technical

data and system organization) are considered.

8. Since operational tasks are quite complex, measurement data can often
be gathered and evaluated only by skilled opetational personnel. Moreover,
the more molar these tasks, the more difficult it is to use strictly objective,

. quantitative measurement techniques.
9. The length of many missions and the interaction of these missions with
environmental conditions like weather often prolong operational testing far

beyond the usual duration of laboratory studies.

1. Exploratory Tests

a. Personnel Subsystem Impact on C-5 Equipment and System Design, Parris, H. L.
and Hall, T. J., Lockheed-Georgia Company, Marietta, Georgia (unpublished paper,

no date).
- (1) Crew Seat Comfort Study

Frequently, in the development of new aircraft, man-machine
interface design problems arise where there is either no pre-
cedent or where extrapolation from the general case to the
specific problem is tenuous or impossible. In these situations,
special studies are required to obtain the data necessary for
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formulation of definitive design recommendations. This paper
summarizes two representative examples of real-world problems

that required such special studies in the development of the

C-5. Study methodology, principal results and conclusions '

pertinent to the effect on human performance as it relates to

system performance are presented for: (1) the comfort evalua- -

tion of aircrew seats and (2) ground emergency egress provisions . . . .

A study was undertaken to systematically evaluate design
characteristics of three alternative C-5 crew seats in terms
of adequacy of human comfort as reflected by the physiological
experiences of subjects in a simulated operational environment.
A comparative approach was utilized. A C-141 seat served as
the base line (Seat #1) from which the prototype of the C-5
crew seat was developed (Seat #2). After quantification of
comfort on these two seats, results were used to mcdify the
design of the C-5 crew seat (Seat #3) which, in turn, was

then subjected to comfort evaluation.

Subjects sat in the respective seats for seven hours--four

hours before lunch and three hours after lunch. The subjects
were allowed to leave the seat to go to the rest room (adjacent
to experimental area) and to obtain their meal at noontime . . . .

The method of evaluation consisted primarily of subjective
tests administered by means of questionnaires presented to
subjects . . . .

The basic eriterion was a comfort rating scale administered
at the end of the sitting period. Several other measures
(hourly comfort evaluation, hourly prediction of the number
of additional hours the subjects could sit in the seat, and
hourly progression of discomfort in specific body regionms)
were used to reinforce the basic comfort rating and to .

W Y ¥
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identify any trends of comfort degradation during the

sitting sessions.

The subjects were eight male employees of Lockheed~Georgia
Company, selected to represent a range of anthropometric

measurements . . .

Subjects evaluated the seat each hour in terms of comfort/
discomfort by checking one in a series of nine statements
which ranged from a highly positive statement (+4) to a
neutral statement (0) to a highly negative statment (-4).
Results are given in Figure 1l.*

RURT 4 MihTulh adhi i § A0 IS iRetrbl ) [OL MLy

*Original report Figure and Table numbers are used.
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FISURE 1, AVERAGE HOURLY EVALUATION OF

COMFORT PROVIDED BY TEST SEATS
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Seat #1 was typically assigned negative comiort values. Seat #2
was rated slightly comfortable during the initial hours of the
test but gradually fell to a neutral comfort rating. Seat #3 was
typically assigned positive comfort values, indicating that many
of the uncomfortable features of Seat #1 and Seat #2 had been
successfully eliminated.

The hourly predictions of additional number of hours that a
given seat could be tolerated were averaged over subjects and
depicted in Figure 2. The seats are clearly ranked for the
first four hours with Seat #3 being the preferred seat for the
first three hours with little difference between Seat #3 and
Seat #2 after that point. After four hours, all seats cluster
around seven hours of additional sitting time. Noteworthy .is
the fact that the group averages estimated that each seat could
be tolerated for an additional six hours or more at the end of
the seven hour testing session.

Comment: Additional data (rot reported here) were gathered concerning the

hourly progression of discomfort in specific body regionms.

Note certain characteristics of this Exploratory test: (1) a prototype seat
was fabricated and the information gained with this prototype was used to design
the final se#t; (2) although the Exploratory test does not require a comparative
methodology, the latter is often used when an earlier design version of the
system at issue is available for comparison; (3) note the heavy emphasis on
subjective data, in this case appropriately so because the dependent variable--

comfort--could not be measured by objective means.
(2) Ground Emerzency Egress Demonstrations

A series of ground emergency egress demonstrations was ccnducted
from the aft troop compartment of a C-5 wooden mock-up . . . in
accordance with a contractual requirement to demonstrate the
adequacy of escape and survival provisions. This requirement

is to evacuate all passengers and crew, totaling 75 personnel,
in the event of a ground emergency, in 60 seconds or less with
half the exits blocked. Certain aspects of the flight station
escape and survival ware alsc examined.

Comment: Exploratory tests are often combined with Resolution and
Verification tests. ’

The mock-up simulated the production configuration. Openings
of designed size and location were provided for two forward
emergency exits, aft service door and an emergency exit opposite
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" the service door. An inflatable escape slide was installed
at each exit in the deployed and inflated condition. Consis-
tent with the contractual requiremeni, only two slides were
normally used on a given test. (Two tests were run, with
four and three slides available respectively, tec compute
evacuation times under those conditions.) Subjects never
knew in advance which exits, or how many, would be u'..cked.

One demonstration, involving two tests, made use of unly a
stair-ladder. The stair-ladder, primary means of normal
access to the aft troop compartment, could also be used under
certain circumstances as a supplement to the emergency egress
exits. A ground level mock-up of the flight station/passenger
area was also utilized .0 demonstrate certain features of the
ditching survival system and contained a working facsimile of
the life raft deployment device to be incorporated in produc-
tion aircraft. 4 :

The subjects were 320 Army personnel divided into four groups
of 80 persons each, 75 test subjects and five supervisory
officers and non-commissioned officers. An analysis of
varianca showed no statistically significant differences in
age, weight or height among the four groups.

Each new group of subjects received an initial briefing from

the test director as to the purpose of the tests and procedures
to be followed. FPrior to onloading, the sutjects donned vests
displaying large numbers which were used in later film analysis
to plot egress patterns. After all tests except two which
involved the stair-ladder, the subjects returned to their .

seats and completed a questionnaire concerning the test just
completed. {(This questionnaire was designed to obtain comments
and suggestions about needed changes in procedures and equipment,
difficulties encountered, clarity of instructions, etc.). After
each test the subjects were assigned different numbers so they
would not be repeatedly seated near the same exit.

Three types of data were collected. The primary data record
was motion picture film. Sixteen mm cameras loaded with color
film were positioned at strategic locations. The cameras were
synchronized and simultaneously activated when the signal to
evacuate - 8 given. Egress time and personnel flow were deter-
mined from the motion picture film. Analysis was accomplished
using a Photo Optical Data Analyzer which featured a built-in
frame counter. Knowing the speed at which the cameras operated
(24 frames/sec.) and counting the number of frames for the com-
pletion of a test, it was possible to accurately calculate the
time required for each test.

As a back-up to the motion picture cameras, trained test observers
with stopwatches were positioned at each exit and inside the aft
troop compartment to record the stopwatch time after each test.
Stopwatch data were used exclusively for the two tests that were
run at night.
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b.

The third type of data was obtained from questionnaires
described previously.

Results of the various tests are shown in Table 1T. It was
concluded that the requirement for cvacuation of personnel
in 60 scconds or less with half the exits blocked had been
met. This conclusion 1s supported by the results of the
tests conducted to satisfy contractual requirements: Tests
2, 5, 7, 10 and 12. With only one exit available, the time
required was only 64.67 seconds (Test 11). Should no exits
be blocked as a result of the nature of the emergency, the
evacuation time was 40.41 seconds (Test 1).

This large-scale quantiiication of human perforuance generated
data which were beneficial in C-5 mission pianning.

Operation on the Move: A Feasibilitz Study, McCommons, R. B.

Maryland, January 1972.

Tactical units must redeploy frequently éo avoid detection,

Technical

Memorandum 2-72, Human Engineering Laboratories, Aberdeen Proving Ground,

respond to hostile threats and keep pace with normal operations.

As a result, many of our weapons and communications systems are
mounted on wheeled or tracked vehicles to afford them the mobi-

1ity needed to support such actions.

Since it was evident the basic limit to system performance
during mobile operations would be the capabilities of the
human operators, a literature search was done to identify
investigations of those capabilities. Finding no significant
information on the subject, this investigation was initiated
to develop baseline information with which to assess the
feasibility of operations on the move., Specifically, the
inve-tigation sought to (1) determine how well personnel
could perform a variety of psychomotor tasks inside a
moving truck-mounted shelter, and (2) identify, if possible,
means of enhancing personnel performance.

The basic premise of this investigation was that for opera-
tion on the move to be of any value, subjects must be able

to rerform under realistic conditions; i.e., if either cross-
ceuntry speed and mobility or operation on the move had to
be sacrificed it would be the latter. In keeping with this
approsch, the subjects were required to do representative
command and control tasks while the vehicle traversed courses
»f verying severity. Vehicle speed wes attuned to road sui-
face with the idea of maintaining maxiium safe speed.

The suojects (Ss) for the stuly were six Army enlisted wmen.
Thzse men were selected from a volunteer subject pool
tewporarily assigned to HE.. The criterion for selection
was an ability to type using the home key method. Typing
skills of the Ss ranged fruva 20-60 words per minute,
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TABLE I

* OVERALL EGRESS TIME AND EGRESS TIME FOR EACH EXIT (In Sec.)

Test A,Overoll
No. 3 R 4 s Time
1 40.41 37.58 3.7 B.75  40.41
2° - - 41,42 51.87 . .51.87
3 Down the Stair-Ladder - 90.54
4 44.75 47.29 48.12 - 442
5° - - 48.45  47.50 ~  48.45
é Up the Stair-Lodder 74.79
7 59.20 57.92 - - - 59.20
8 All Exits at Night ~ (48.40)
9 Exits No. 4 ond No. 6@? Night | (63.70)
10° - 58,70  56.87 - - 5870
" - - - 64.67 - 64,67
12° . 44.70 - - 5558  55.58

9 Tests conducted to satisfy contractual requirement for demonstration.

() Indicotes stopwatch data.
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Testing was conducted inside a specially prepared S-141
shelrer mounted on an M-35, 6 x 6 cargo truck.

Tables were built along the interfor roadside and front walls

of the shelter to support cquipment and provide workspace. A
common variety reclining swivelled off{ice armchair was anchored
to the floor at the junction of the "L" formed by the tables

and served as the Ss' chair. The test apparatus, consisting

of a VRC~12 radio, a deck calculator and a TT-76C teletypewriter,
were shock-mounted on the tables to the left and front of the Ss'
chair. Behind and to the right of the Ss' chair, a straight-
backed armchair was mounted on a raised platform. This chair
was provided to allow coninuous monitoring of testing by an
observer. Footrests were provided for both Ss and the observer.

Three test courses were used in the study. They were selected
as being representative of the various terrain features a
vehicle might encounter on typical cross-country runs; i.e.,
presenting vibration having random amplitude and frequency

of occurrence. The driver was asked to negotiate the various
courses at the maximum safe speed. This was done to provide
worst-case vibrational conditions inside the shelter and to
assure that cross-country mobility was not being compromised.

Course #1 was a hard-packed, gravel-surfaced road typical of
unimproved country roads. Thisg course was a l.6-mile closed
loop having both sharp and sweeping curves; the surface ranged
from smooth to rough. Roughness was due to small potholes,
washboarding and rutting. The course was driven at 20 miles
per hour (mph).

Course #2 was a relatively straight 5.6-mile length of high-
crowned macadam road. The generally smooth road surface was
characterized by gentle, unevenly spaced depressions (probably
caused by frost heaves) which imparted a combination of pitch
and roll to the vehicle. The course was driven at 35-40 mph.

Course #3 was the 1.8-mile long Cross-country #2 section of
the Perryman Test Area at Aberdeen Proving Ground. This
course had sweeping curves and the hard-packed gravel sur-
face varied from smooth to rough. Sections of the course
contained large, unevenly spaced potholes and deep ruts.,
The course was driven at 10 mph.

Of the three courses, Course #l was considered the least
severe and Course #3 the most difficult.

The Ss were required to peirform three different tasks: (1)
operating a key entry device (the desk calculator), (2) tele-
typewriting and (3) radio tuning.

These tasks were chosen as being representative of command

and control functions personnel might perform in command
post or fire control center operations.
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First, the Ss were thoroughly acquainted with the purpose of the
study and the testing procedures that would be followed through~
out the experiment. Then, each § was individually trained to
use the test apparatus (i.e., desk calculator, radio and tele-
typewriter) and subsequently given practice trials doing the
experimental tasks.

The operations of the desk calculator and radio were relatively

" simple. Therefore, the Ss were not held to a strict training

schedule when being instructed in their use. Training was con-
sidered complete when, in the experimenter's opinion, the Sz
were performing the réquired tasks in a facile manner.

Time constraints made it impractical to attempt training the
Ss to peak performance levels on the teletypewriting tasks.
Therefore, training and practice with the teletypewriter was
continued until each S had reached a performance plateau.

This plateau was considered to have been attained when the S
exhibited consistent performance on three consecutive practice
trials.

After training was completed, the actual testing began. Testing

for each S consisted of three sessions. In general terms, a

test session consisted of having the S perform each of the three

selected tasks under three operational conditions: static
(vehicle not moving), Course #1 and Course #2 (Course #3 was
rGn separately and is discussed later in the report.) The
sessions normally lasted 2-3 hours and were conducted at least
one day apart.

Typically, the S was met at his barracks and ushered into the
shelter. After the S's chair and copyholder was positioned
to his liking, the S was briefed on the test procedures. Then,

depending on the condition to be run first, either testing began

or the vehicle was driven to the appropriate course. If a road

course was scheduled first, the S rode in the truck cab to avoid

undue fatigue.

Before starting any road course, the test driver and the
observer established communication via walkie-talkie.
Assuming all was well, the driver was instructed to accelerate
the vehicle to the speed selected for that course. When the
observer was notified the desired speed had been reached,
testing of t..2 S was begun. If, for any reascn, the pre-
determined vehicle speed could not be maintained, testing

was halted. Testing was resumed as soon as conditions
permitted.

Depending on the task scheduled first, the S was given a work-
sheet instructing him to do a set of arithmetic problems usirg
the desk calculator, type prepared text, or set up the vadio
for push-button channel selection.
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2.

After the first task was finished, the S returned the worksheet
to the observer and received new instructions. When all the
tasks were completed, the driver was notified and the vehicle
was stopped. The S was then allowed a rest period. This same
general procedure w was followed until the S had performed all the
tasks under all the conditions.

After all the trials on Courses #1 and #2 had been completed, a
cursory examination of the data revealed that the capabilities
of the Ss had not been fully explored. Therefore, the Ss were
asked to participate in a final, and more taxing, phase of

the study. It was at this time that Course #3 was run. Time
constraints allowed only two runs of this course for each of
the six Ss. The general testing procedure was the same.

Two measures of S's performance, task completion time and error
frequency, were obtained for each test condition. Task comple-
tion times were measured with a restartable stopwatch and recorded

by the observer. Error frequency on the key entry and teletype-

writing tasks was determined from hard records; i.e., completed
worksheets and perforated-tape output from the teletypewriter.
Errors in radio tuning were noted visually and recorded by the
observer. The data were analyzed with a series of uncorrelated
t tests. -

In general, the results of the study were threefold. First,
and probably most important, the Ss were able to effectively
perform the tasks asked of them under conditions that, subjec~-

 tively, ranged from mild to severe. Second, the primary effect

of vibrational severity on the Ss' performance was to increase

the time needed to complete each task; i.e., time varied directly
as a function of course severity. Third, although task completion
times increased, the quality of the finished product was compar-.
able under all the conditions tested. This indicates, that,
although the vibrational environment may have caused more errors
to be made, the errors were caught and corrected.

Resolution Tests

Evaluation of Launch Vehicle Assault Motion Effects on Personnel

Performance, Stinson, W. J., Navy Persomnel Research and Development Center,

San Diego, California, June 1977.
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This is another example of a Resolution test combined with an exploratory
one: to determine whether personnel could withstand the motion effects of a
proposed new vehicle by comparison with the effects experienced with an already

available vehicle (the LVIP-7).
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Future amphibious landings must be initiated at greater
distance offshore for protection against long-range weapons
fire during low-speed launching and form~up phases. An.
advanced Landing Vehicle Assault (LVA) platform is being
developed by the Naval Sea Systems Command . . . for
Marine Corps use. Upon Launching from over-the-horizon
amphibious force ships, the LVA will transport troops at
relatively high speed (25 mph or more) to beach or inland
combat positions. The LVA will eventually replace the
existing, much slower LVTP-7. .

Candidate vehicle coﬁfigurations under consideration for

this amphibious mission include planing hull and air cushion
types. An important factor which must be taken into account

in the selection process concerns the effects of high-speed
motion on troop performance. Past experience has indicated

that debilitating seasickness (kinetosis) is commonly experi-

enced by troops during amphibious landings. The potential
for troop performance decrcment associated with motion
effects would normally be expected to increase as LVA
speed is increased by a factor of three or more over the
LVTP-7.

Current LVA work at the .vy Personnel Research and Development

Center is limited to comparative evaluation of experimental
planing hull and LVTP-7 motion effects on performance.

A full scale hydrodynamic vehicle (FSHV) served as an
experimental LVA planing hull for use in coastal trials
{Camp Pendleton area). The FSHV was similar in size,
weight, and speed characteristics to the future LVA.
However, troop carrying capacity was limited to permit
accommodation of commercially available engines, test
instrumentation, and underway observers. Although
troop compartment capacity was limited to nine men,

the space provided per man was equivalent to that
available in the LVTP-7.

Experimental hull dimensions were largely predetermined by
LVA mission-related specifications involving the eventual
number of troops to be transported (about 25 each vehicle)
and the need for size compatibility with amnhibious ships
well deck storage space . . . . Within these limitations,
the hull shape had to contribute to attainment of speed
objectives while serving as a reasonabliy stable platform
in moderate sea states and retaining full capability as
an armored personnel carrier upon landing. The vehicle
must be able to operate at maximum speed in sea state 2,
reduced speed in sea state 3, and survive in sea state 4.
The experimental LVA/FSHV configuration is illustrated

in Figure 1 (10).

Small craft such as the LVA/FSHV are particularly vulner-

able to wave-induced motions. The LVA/FSHV hull shape . . .

was designed to reduce motion effects to reasonable levels.
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The purpose of this study was to demonstrate that the per-
formance of troops landing aboard the high-speed LVA/FSHV
after 1 hour open ocean transit was at least as good as that
of troops landing aboard the existing LVTP-7 after 30 minutes
transit under similar sea state conditions. The variation
in transit time reflected the typical mission scemario
applicable to each vehicle. The requirement for equal

or better performance by FSHV troops even though water-
borne exposure time is doubled obviously placed a heavy
burden upon the experimental vehicle in demonstrating
acceptable ride quality and habitability characteristics.

As part of the FSHV design process, special attention was
directed toward controlling potential habitability problems
(noise, ventilation, and air quality). Design provisions
vere believed to be adequate for the purpose and in compli-
ance with MIL-STD-1472B. Measurements were made aboard
both the FSHV and LVIP~7 before and during landing trials
to verify environmental adequacy. However, there was no
attempt to very such factors as ventilation, temperature,
and noise for evaluation of possible effects on troop
performance. Ambient conditions will naturally change
from time-to~time in conjunction with sea state and weather
conditions.

The principal concern of this study involved comparison of
different LVIP-~7 and FSHV high spead motion effects on
troop performance. There was Lo attempt to precisely
simulate stationary pre-launch (well deck) and low-speed :
group form-up operations (other aspects of the LVA mission).
The effects of crowded confinement over a substantial
period of time (possibly 1 hour or more) prior to high
speed transit should be similar for each vehicle, except

as affected by differences in habitability couditions
(ventilation, temperature, air quality, and noise).

While the effects of different habitability conditions
during stationary and low speed operational phases were

of some general interest, practical time and financial
constraints required limitation of the scope of this

study to examination of high speed motion effects. __

If test objectives were successfully achieved, the FSHV
would demonstrate that a planing hull configuration with
properly designed habitability features can deliver

troops with performance capabilities at least as good

as those of troops transported aboard the existing LVTP-7.
The LVIP-7 has been in wide-spread use for several years
and the performance level of assigned trcops has apparently
been acceptable. This performance ievel has therefore been
adopted as a yardstick against which the FSHV must compare
favorably. )
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Test subjects participated in orientation training and practice
in performing test tasks prior to commencement of landing trials.
Pretesting of subjects was accomplished to establish individual
baseline scores. Subsequent performance during landing trials
was then compared to evaluate the effects of transit conditions.

The tasks selected for use in performance testing were intended
to be representative of Marine activities normally associated
with beach landing operations. Combatant troops must be able

to move quickly and fire accurately after transit through

coastal waters. Time expended and problems encountered in
traversing an obstacle course upon landing were recorded for
each test subject. Accuracy in a rifle-firing exercise following
the obstacle run served as a principal criterion measure.

Test facilities had to be located in the immediate vicinity
of the FSHV and LVTP-7 landing area. Transportation to a
remote firing area was not permissible inssmuch as the effects
of waterborne transit would be changed during further land
travel. Performance testing had to commence immediately

upon landing and be completed within one hour.

Considerable resources were expended in conducting each
trial run. The time allocated to each cycle had, therefore,
to be effectively utilized in collecting data directly
relevant in evaluating LVIP~7 and FSHV motion effects.
Other data of secondary concern could be collected on a
lower priority "not to interfes." basis.

Prior to getting underway, both vehicles were stationed at
the Del Mar Boat Basin, Camp Pendleton. The FSHV was moored
at a dock for loading while the LVIP-7 was loaded ashore.
Loading and deployment at low speed (about 5 mph) through
the Oceanside harbor channel involved about 15 minutes for
each vehicle. Subsequent open ocean transit then involved
30 minutes for the LVIP-7 and 1 hour for the FSHV. Return
through the channel and unloading at the landing site again
involved 15 minutes for each vehicle.

Special precautions were taken to avoid conditions which
would endanger the safety of test participants. Run speeds
for the FSHV started at 15 mph and gradually increased to

30 mph, subject to demonstration of satisfactory seakeeping
characteristics at each 5 mph increment. Run speeds above

30 mph (possibly to 40 mph) were optional. Open ocean opera-
tions were conducted within a maximum range of 10 miles from
shore. High speed landing operations were typically conducted
in sea state 2. This mode is of principal concern in evaluating
troop performance. Reduced speed operations were conducted
occasionally in sea state 3. This mode was of low priority
concern (optional) for investigation within project time
constraints. Trial runs were arranged to assure that com-
parable sea state conditions were experienced by the FSHV

and LVIP-7. Each vehicle was scheduled to complete a run

in the morning and afternoon. Thus, 12 test days would be
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required to complete 24 sea state 2 runs for each vehicle.
It should be noted that the 12 days of test operations
could occur over a period of 2 or 3 months due to inter-
ruptions involving inclement weather/sea conditicns,
vehicle/instrumentation malfunctions, vehicle technical
tests, personnel time off, etc.

Inasmuch as this effort was primarily concerned with
evaluating waterborne motion effects on combatant troop
performance, perferred test subjects were experienced
Marine infantrymen (at least 1 year of service). As a
safety precaution, subjects had to possess Class 2 swimmer
qualifications. Two groups of subjects were assigned with
a Squad Leader (NCO) and 8 Riflemen in each group.

Subjects were equipped with marching back-packs (light
weight), flak jackets, life preservers (Mae West type),
and helmets. As a safety precaution, rifles were not
carried inside the vehicles but were issued and controlled
at the rifle range. -

The performance of personnel assigned to vehicle driver

(or alternate driver) duties was evaluated separately from
that of embarked rifle squad troops. Driver performance

was monitored in steering predetermined course r :.tterns,
requiring heading changes from time to time upon command.
Time to achieve ordered headings was recorded. Additionally,
driver/alternate driver personnel participated in rifle
firing on a limited basis (at the end of each two vehicle
rung) to provide an indication of eye-hand coordination
capabilities.

Six test supervisors/observers were assigned. These person-
nel monitored the overall test effort and assisted at various
positions as needed.

A Marine observer/crew member was assigned to the Troop
Commander duty station in each vehicle, with access to

VHF radio communications equipment. These personnel

secured the vehicles upon landing and assured that clean-up/
maintenance work was satisfactorily performed in preparation
for subsequent operations.

Industrial hygienist personnel monitored environmental
conditions aboard the FSHV and LVIP-7 during landing . . . .
One observer assisted in monitoring environmental condi-
tions aboard the vehicle and a second observer monitored
driver/alternate driver performance.

Several observers recorded troop task performance as rapidly

as possible after landing (prior to wear-off of motion effects).

Thrze observers were at the obstacle course to record the

speed and problems of runners in two lanes, starting 15 seconds
apart. One observer was at the rifle range to prepare targets/
ammunition, check firing line readiness, and order commencement/

termination of firing.
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Evaluation tasks consisted of running an obstacle course

and rifle firing. (The ideal measurement sjituation would
have been *o mount an actual combat exercise but this was
impossible because of cost.) The obstacle course started

at a point on the beach within about 1,030 feet of the FSHV
docking platform and LVIP-7 landing area. The course covered
a distance of 300 feet. Two parallel running lanes were pro-
vided, with five pairs of obstacles located at intervals
along the lanes. The obstacles included a 5 foot vertical
wall, inclined balance logs, cargo net ladder, horizontal
balance beam, and staggered tires.

These tasks were intended to test balance, agility, and
coordination (all presum2bly required in aumphibious combat).
Time to negotiate the obstacle course was recorded for each
test subject. Upon completing the obstacle run, subjects
proceeded without delay to the rifle range (about 1,200
feet away). 4

The type of weapon used had to be compatible with provisions
which can be made for safe facilities in close proximity to
the vehicle landing site. Precision air rifles with verified
accuracy were used to fire pellets at bullseye targets. The
type of rifle used for test purposes had no significant impact
on evaluation of motion effects since performance was compared
against baseline scores established with the same type rifle.

Upon completion of rifle range operations, subjects were given
a short rest (5 minutes) prior to returning to the obstacle
course for repetition of test tasks. Results of the repetition
cycle provided an indication of changes in performance as
motion effects wore off and reached an insignificant level.

A repeated measures design was used in the collection of per-
formance data. In this design, each subject was required to
perform the selected tasks several times to establish baseline
reference scores prior to commencement of landing trials.

This permitted measurement of variance in individual perform-
ance since the tests were repeated with each subject serving
as his own control. Under this procedure, the use of separate
control group subjects was eliminated and inter-subject vari-
ance was not a problem. .

Upon completion of all trial runs and recovery from motion
effects, subjects performed a final series of test tasks to
establish posttest scores. This indicated any natural
improvement in proficiency as the result of "practice" in
repetitively performing tasks during the test period. This
"practice" effect had to be taken into account in evaluating
test results. The pretest baseline scores of individual sub-
jects were compared against subsequent performance during
landing and posttest trials. 1In addition, the overall
performance level of the two squads was evaluated in relation
to each other.
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The sequence of FSHV and LVTP-7 runs was rotated‘on successive
days so that morning and afternoon landings were balanced
between the two vehicles. .

Preliminary results of the study showed no significant differ-

‘ences in personnel performance following transits in the FSHV

and the LVTP-7. (A more detailed report of results is not
available because the data are still being analyzed.) This
represented a desirable conclusion to the study because signi-
ficant differences would have indicated (a) either that the
FSHV was inferior to the LVTP-7 (highly undesirable) or (b)
that FSHV was superior to LVIP-7 (practically speaking, very
difficult to demonstrate because of the increased stress of
the FSHV operating conditions).

3. Verification Tests: Operational System Test

The following summaries are taken (with some editing) from Askren, W. B. and

Newton, R. R., Review and Analysis of Personnel Subsystem Test and Evaluation
Literature (Report AFHRL TR-68-7), Air Force Human Resources Laboratory, Wright-

Patterson Air Force Base, Ohio, January 1969.

8.

Titan II Inertial Guidance System

A. C. Electronics Division, General Motors Corporation, Inertial Guidance

System, Weapon System 107A-2, Category II Personnel Subsystem Test and Evaluation

- (PSTE) and Maintenance, Logistics, Reliability and Readiness (MLRR) Test, and
Evaluation, Document 64-197, Milwaukee, Wisconsin, June 1964.

----------

a. Scope and Relation to (PS) Elements

(1) This report covers the results of the Category II
PSTE/MLRR test program conducted by A. C. Spark Plug Division
of General Motors Corporation on the Titan II IGS.

(2) Personnel Subsystem Test and Evaluation covers that
part of weapon system testing that involves human engineering,.
personnel, training, and the validation and verification of
technical publications.

(3) The PS, as defined in this report, is a composite
of all performance elements in a system assigned to man (both
operational and maintenance) and the means for implementing
such elerents, including not only the assigned men but also
any physical products provided to support man's performance, .
such as equipment, tools, facilities, spares, and technical
orders. Equipment and tools used by man to perform a function
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is considered to be an element of the personnel subsystem, but
equipment operated or maintained by man is an object of the

personnel subsystem, and not a part thereof. In the Titan IGS,
the personnel subsystem is a part of the maintenance subsystem.

b. (PS) Test Objectives

Specific test objectives were listed for personnel performance,
safety, technical data, maintenance, logistics, reliability, readi-
ness, and weapon system capability. Examples of these test objectives
were: '

(1) Personncl Performance (12 objectives).

(a) To determine whether qualified military person-
nel can effectively prepare, operate, and maintain the weapon
system using only authorized equipment procedures.

(b) To evaluate the effect of observed human
engineering, procedure, and personnel deficiencies on the
weapon system incommission rate.

(2) Safety (7 objectives).

(a) To determine whether propellant transfer can
be safely operated and maintained.

(3) Technical Data (7 objectives).

(a) To evaluate procedures altered because of
equipment changes.

(4) Maintenance (6 objectives).

(a) To determine whether time required to perform
scheduled maintenance tasks is within prescribed Technical
Order (T.0.) limits.

c. Data Requirements and PS Test Criteria
(1) Attitude ‘data of technicians.

(2) Performance deviations from T.O.'s.

(3) Time to perform operations.

(4) Test criteria included "adequacy" (availability
and system accuracy) and "efficiency” (expenditure per unit
of output).

d. Data Collection Methodology

(1) Use of location logs. to determine avaflability.
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(2) Training equipment was used on a noninterference
basis to evaluate unscheduled maintenance activities. Six
Balligtic Missile Inertial Cuidance Technicians (AFSC 312X2F)
were assigned as test subjects for this program. Under obser-
vation and by design they performed troubleshooting tasks on
the Inertial Guidance System (IGS) trainers, which allowed
validation of Trouble Analysis Diagrams and procedures.

(3) An evaluation packet was constructed for each
scheduled test session. Additional data collection forms
were provided for collecting data during unscheduled mainte-
nance activities.

(4) Two methods of collecting data were implemented
in the field. The major set of data were provided by the _
Observer/Evaluator (O/E) and were based on his observations
of the activities performed by Air Force technicians. When
the O/E was not available during unscheduled activities,

A. C. Spark Plug engineers and technicians, on locationm,
collected basic data.

(5) Data collection forms and methods were designed
to maximize technical information and]minimize clerical
information.

(6) Data collection method was oriented towards
collecting true performance data without affecting the
performance, and collecting additional data subsequent to
the performance. Data collection forms contained reminders
and cues for the O/E. Time data were cbtained by h-rving
O/E's document step numbers and running time for ali problems

noted. o 3

~ (7) The method was oriented towards evaluating all
of the means used to implement a given function, not oriented
specifically toward performance of personnel. Thus, problems

in the operations of an equipment item were considered to be
prob'ems in personnel performances.

(8) The data collection metho& was also designed to
enable the analysts to completely reconstruct the test ses-

sion on paper.

(9) Copies of the maintenance data, form, special
unit record, and location log were presented in the report.

(10) Most of the functions critical to the operation
of the system were evaluated a sufficient number of times to
obtain a good representation of those functions.

(11) Three personnel performance dstectors were used:
one evaluator was from the 390lst Squadron; second evaluator
was from Quality Control and Evaluation; and the third evaluator
was the supervisor. Data suggested performance was different
under each type of observer.
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f. Reducing and Analyzing Data

(1) Over-reaction to personnel subsystem problems was
avoided by relating them to system effect.

(2) Personncl performing analyses were experienced in
the design and dcvelopment of the system.

(3) Three analyses were performed concurrently on the
data received from the field; ‘

(a) Personnel performances were analyzed to esti-
mate efficiency, adequacy, and reliability.

1]
(b) Investigations of deficiencies were reported on
Individual Summary Forms. (Comment: Problem solution)

(c) Estimations were made of systems "use" reliability.

(4) Analysis was performed on four types of personnel
performance errors: Type 1 (rejecting a good unit), Type 2
(accepting a bad unit), Type t (increasing performance time),
and Type d (incurring damage). _

(5) The impact of personnel performance problems was
determined by using the Maintenance Subsystem (MSS) Model which
related these problems to overall systems measures such as
availability and levels of spares.

(6) Analysis of personnel performance data considered
the kind of evaluator who furnished the information, as major
differences in performances were noted when technicians were
obsza~ved by different kinds of raters, e.g., 390lst or O/E's.
(Ccmment: This discrepancy is understandable, but unnerving.)

i

g. Significant Test Results

(1) The personnel subsystem was a major source of
system inefficiency. Primary causes were incompatibilities
in the assignment of skill levels, the tendancy to treat the
personnel as automatons, and a lack of a systematic means of
evaluating and maintaining the personnel at the level required
by the system. Skill levels assigned were too high for opera-
tions required. '

(2) A major omission in the personnel subsystem
appeared to be the lack of evaluation and practice of emer-
gency procedures at the launch sites.

(3) Significant differences were noted befween
operations at Vandenberg and at operational sites.
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(4) (a) Unrealistic policy of "strict" adherence to
T.0.'s caused morale problems. (b) Two men were used for
many onc-man tasks. (c) There was a lack of sufficient
training and data to operate effcctively when a malfunction
was not adequately covered by T.O.

(5) The individual test objectives were evaluated as
to vhether met: '"yes," "no," or "partially.”

(6) Based on data in evaluation packets, no difference
between the bases was found in personnel performance.

(7) Percent contribution to downtime due to inefficient
personnel performance was 11.5%Z.

(8) Many deviations from T.0.'s, by high skill personnel,
were found.

(9) Many errors in T.0.'s were noted.
h. Communicating and Using Test Results

(1) Details of the data collection during the Category II
PSTE/MLRR program were reported in monthly Detailed Analysis
Reports, .

(2) Correction of the problems identified would result
in a considerable cost savings due to a reduction of skill
levels for a large percentage of the performance elements in
the system and a reduction of manpower.

(3) The results of the analysis were reviewed periodi-
cally to determine the trade off analysis to be performed, the
MSS Model variables to measure, and the MSS Model variables to
study. Recommendations were made to engineering management on
the trade off which should be performed.

(4) Exercising the MSS Model on the International
Business Machine 7090 computer cnabled A. C. Spark Plug to
validate past decisions regarding spares provisioning, per-
sonnel Maintenance Ground Equipment utilization, and mainte-
nance configurations.

k. Other Problems

(1) Major problems encountered during the initial
phases of the Category II PSTE/MLRR program were the lack
of representative conditions at Vandenberg Air Force Base
and the lack of opportunity to collect personnel performance
data. These problems were resolved, with the cooperation
of the Ballistic Systems Division and the Strategic Air
Command, by transferring the data collection program to
the three operational bases.
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(2) Another major problem encountered during the program
was the lack of data required to evaluate the condition of the
system and the adequacy of the time interval between scheduled
checks. : '

(3) An output of the Sheppard program of evaluating
troubleshooting problems on trainers was the additional
training provided Strategic Air Command (SAC) guidance personnel.
The test subjects were then able to inaugurate effective on-the-
job training for other SAC personnel at their respective bases.

System 412 L

Adams, J. A. and McAbee, W. H., Lt. Col., USAF, A Program for Evaluation

of Human Factors in Category II Testing of Air'Weapons Control System 412 L (Phase

II Configuration), PGN Document-62-1, Depufy for Bioastronautics Air Proving

Ground Center, Eglin Air Force Base, Florida, May 1962.

(Comment: It is not known whether the actual test was conducted fully in

accordance with the following test plan.)

Human factors variables will be weighed insofar as they

influence criteria of success in achieving combat goals of the
Air Force. (Comment: The personnel subsystem is important

only insofar as it influences system success.) These variables
should be examined for three basic configurations of the system:
(1) a normal system where all automatic subsystems are fully
functioning and the personnel subsystem is playing its assigned
role, (2) a norm2! system that is degraded by electronic counter- -
measures, and (3) a fully degraded system whose operation is
essentially manual. System degradation is considered a realistic.
expectation for combat uses of AWCS 412 L, and the personnel sub-
system increasingly contributes to the accomplishment of system
goals as degradation increases. If the success criteria are not
met for one or more of these three system configurations, human
factors variables related to human cngineering, training, organi-
zational structure, and maintenance will e studied to diagnose
the cause of the system's deficiency. Biomedical determinants

of personnel safety, and variables related to the handling and
assembly of components of the mobile system, will also be studied.

a. Scope and Relation to PS Elements

(1) The emphasis in this plan was on human performance
variables influencing the effectiveness of the system as a whole.

(2) The emphasis in measurement was on indices of system
performance that reflected the simultaneous actions of all men and
machine elements as they bear on the accomplishment of Air Force
goals.
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(3) According to the report, one of the most serious
errors that can be made in the testing of a military weapon
system is to limit the evaluation to normal system uses, f.e.,
noncombat training uses. Test programs must provide for exercises
with inputs that closely simulate the tactics and °quipment
of a potential enemy, where possible.

b. PS Test Objectives

(1) The personnel subsystem tests and evaluations were
undertaken to determine how well the human components of a weapon
system performed their assigned functions and to identify those -
changes in procedure and/or equipment design that could increase
the effectiveness of the total system.

(2) The purpose of evaluating human factors in Category
I, II, and III testing was to determine if the system design,
with respect to the men who use it, was adequate to accomplish
the combat mission assigned to the system.

¢. Data Requirements and PS Test Criteria

The following are criteria of system success for use in diag-
nosing shortcomings in the personnel subsystem, although some
changes in these criteria may be needed to insure compatibility
with the criteria used by the test team for other purposes:

(1) Number of Penetrations into the Defense Area- The
number of enemy weapons that penetrate this area would be in-
versely related to the system effectiveness.

» (2) Kill Range of Intercepted Targets- This measure
assumed that the more effective system would destroy targets
at longer ranges.

(3) Number of Kills or Probability of Kills- This factor
would simply be a matter of recording the number of kills or
probability of kills, as determined by an accepted criterion.

(4) Number of Assignments of Weapons to Targets- This \
measure assumed that the most efficient system would destroy
targets with the least number of weapons.

(5) AWCS 412 1 was concerned not only with destruction
of enemy targets, bu